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GENE-TARGETED KON^HUMAN MAMMALS DEFICIENT 
IN SOD-1 GENE AND EXPRESSING HUMANIZED AB 
SEQUENCE WITH SWEDISH FA D MUTATION 

5 Field of the Invention 

This invention relates to gene-targeted non-human 
meunmals and to animal models for hximan diseases. 

pacKqrpMnt^ 9f %\]^ Inv?nti9n 

Alzheimer's Disease (AD) is a human disease for 

10 which there is cvirrently no effective treatment. AD is 
characterized by progressive impairments in memory, 
behavior, language, and visuo-spatial skills, typically 
progressing in severity over a 6 to 20-year period, 
ending in death. 

15 The neocortex, amygdala and hippoceunpus of the 

brain are the primary sites of neuropathology in AD. The 
typical neuropathology of AD comprises extracellular 
neuritic plaques, intracellular neurofibrillary tangles, 
neuronal cell loss, gliosis and cerebral vessel amyloid 

20 deposition. The neuritic plaques consist of cores of 

amyloid protein fibrils surrounded by a rim of dystrophic 
neurites; the plaques have been suggested as the primary 
site of damage to the cortex. The major protein 
component of the amyloid protein of the plaque Is known 

25 as the peptide, a 4 kD peptide comprising between 39 
and 43 aunino acids. The A^ peptide that predominates in 
plaques has 40 or 42 amino acids. 

The A^ peptide is proteolytically derived from an 
integral membrane protein known as the ^-eunyloid 

30 precursor protein (**APP**). There are several APP 

isoforms (having 695, 751 or 770 amino acids), which are 
encoded by mRNA species resulting from alternative 
splicing of a common precursor KNA. The APP gene is 
encoded by a single copy gene found on human chromosome 

35 21 (Estus et al.. Science 255:726-728 (1992). The APP 
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«„e product ("MP") U aiwmatively processed via tvo 
!.U»1« P.t»«y- Pr«=...in, i» th. -»yloido,enlc" 
pathway yield. »PP fragment, bearln, the W peptide or 
the M peptide itself. Alternatively, in the 
?„:„^lo!do,.nic. pathwy, APP i- cleaved within the A, 
s",u.nce. This results in destructi», c£ the M peptide 
"rsecretion of the large »-ter.inal eotodo»aln of APP. 
The A* peptide i. produc«i «>d secreted by a wide variety 
of cell type, in variou. animal .peci... It ha. been 
fLd in Ziy fluid., inoludln, .eru. and cerebral .pinal 

cowlaMnt'ry DMA. encoding human APP, have been 
Cloned and se^pienced. See, e.,., Kang et al »ata« 
22B: 733-736 (1987); Ooldgab«: et al., Soa«.=e 235.877 
: 880 (»87), Tanzi et al., Nature 331:528-530 (1,88); and 
Zllis el .1., Proc. »ati. Acad.5ci. VSA " = 
a,87, . The CDHA for a .ou.e ho-olo, of > «'^^" 
li.o been cloned ^ «,»enced. Human and murine APP 
^ .eld s«r.encs have a high degree of "-"l"^ 
0 (86.8%), indicating that the protein is conserved .cross 
Lmaliln species (vamad. et .1., 3iochem. ^-f 
"^u„. 14,: ««-671 (1«7)). The mouse A^ and human A* 
sequences differ at positions 5, 10 and 13 (i..., 
poritions 676, 6.1 and 684 of the complete APP770 
„ Lquence). The amino acid changes, from mouse to human 
V Oly to (»/. 5. »PP " 

APP 681); and Arg to Hi. (A* 13, APP "*)• 

A form of Alzheimer', disease Icnown as -Swedi* 
r„illal Alzheimer's Disease- has been associated with 
30 t" .ut.tion. Known a. the »S«edi.h FAD "tation..- The 
sLish PAD mutation, are transversion. (C to T and A to 
c, in codons 670 and 671 (APP 770 transcript) , wh.ch are 
in exon 16 of the APP g«>e (HuUan, Sature Cenetzc. 
"3.5-347 (1«2)). The Swedish PAD mutations change 
3, lysine to .sp«ra,ine and methionine to leucine at 
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positions 670 and 671, respectively, in the amyloid 
precursor protein. These amino acid changes are 
immediately adjacent to the amino terminus of the 
peptide. 

The Swedish FAD mutations may act by altering the 
proteolytic processing of APP so that increased amounts 
of hfi are released (Cai et al., Science 259:514-516 
(1993)). In vitro studies have demonstrated that cells 
expressing APP with the Swedish FAD mutation produce 3 to 
7-fold more A^ than cells expressing APP without the 
mutation. Furthermore, it was shown that the methionine 
to leucine mutation at amino acid 671 (M671L) is 
principally responsible for the increase in Afi production 
(Citron et al.. Nature, 360: 672-674 (1992)). A 
mutagenesis study to examine substrate requirements of 
proteases that cleave APP at the amino-terminus of A^ in 
human cells grown in tissue cultiire showed that most 
amino acid substitutions at position 671 strongly inhibit 
A^ production. Except the methionine-to-leucine 
stibstitution, the only substitutions at position 671 that 
did not decrease hfi production were changes to tyrosine 
and phenylalanine, both of which are large and 
hydrophobic residues. Another amino acid that shares 
these characteristics (but was not tested) is tryptophan. 
A small number of siibstitutions at position 670 had no 
effect on AjS levels (Citron et al.. Neuron 14: 661-670 
(1995) ) • 

Genetically engineered non-human mammals may serve 
as models for at least some aspects of AD. The genetic 
engineering of non-hiiman mammals (or any other organism) 
may be carried out according to at least two 
fundamentally different approaches: (1) random insertion 
of an exogenous gene into a host organism, and (2) gene 
targeting. The term ••transgenic" has sometimes been used 
in a broad sense, to indicate any organism into which an 
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h^l„, hcLvT, th. t.r. .tr«.^enlc. I. «.erved for 
o^anl^s (I.e., non-hu«n i»™.ls, ccprlsln, . piece of 
»o«enou. Dltt that h.s been rendoBly Ineerted. X 
s trl^s,eni= or,.nU>. expresses the tr«.s,«.e in addition 
to .11 „or«lly-expre.sed netive gene. (««..pt the ,en. 
or ,.n.s in which the r«,doB ins«:tion(.) »y hsve t.X«. 

■ Transgenic non-huMn «m»l. comprising h-».n »PP 

Addition to the native APP DNA 
10 DNA sequences, in addition t:o feature 
- v»#%un sae e.c, Quon et al., (waciire 
saauences, are known, see, e.y., w 

,3,441 (19,1)); Higgins et .1.. («nals »y ^ 
Sci. 695 = 224-»7 (1994), sendhu et al. , (J. Biol. Che.. 
266:21331-21334 (1991); Ka>mesh.id et .1., (Proc. Matl. 
IS «ad. Scl. USA 89 = 10867-10.61 (1992), l«|b .t al^ 
(Nature G«iet. 5:22-30 (1993); Pearson et al., IProc. 
iatl. Aoad. sci. VS. ,0.10S,.-10«a »--^°^:;! 
,1 (Hcconloga. et al., Neuroilol. Aging 15, .12 (1994), 
^ al.!^».tur. .73 = 523-527 (1.95,, and O.S. Patent 

„ HO. ».»;„''"ntr.st, a gene-targeted organise has had a 
selected native DH* sequence or gene (i.e., 
,ene, partially or completely removed or repl.c^ through 
, process taow as homologous r«=o.hination. If the 
« ta^eted gene is a single-copy ,«« and the organism i. 
h^sygoul at that locus, the g«.e-tar,eted org.n.s. can 
nn^n^er express the targeted native gen.^ The o^^ni» 
„y or may not express a modHled versxon o£ th. targeted 
"ene, depending on whether th. targeted gene was «tat»i 
,„ Into a moditled, but functional form, or mutated into a 
1 1 -XnocJced out.- M. attempt to produce, 
r t^etin,; mice homozygous for an »PP null allele 
(U thus d!vold Of »PP), has been published («ull.r et 
il »il 79 = 755-765 (1994,,. This attempt, wherein exon 
3, 2 oi th. APP g«» disrupted, resulted in mice 
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expressing a shortened form of APP, at 5 to 10-fold lower 
levels than the expression of normal APP in wild type 
mice. 

The molecular reduction of oxygen to water dxiring 
oxidative phosphorylation results inevitably in the 
production of superoxide radicals ("Oj*"") that are 
reactive oxygen species containing an unpaired electron 
orbital. Superoxides act as either reductants or 
oxidants and can form other reactive species including 
the hydroxyl radical ("OH*") through interaction with 
iron (Haber-Weiss reaction) and peroxynitrite by reaction 
with nitric oxide. Reactive oxygen species attack 
proteins, DNA, and membrane lipids, thereby disrupting 
cellular function and integrity. 

The primary defenses against the superoxide 
radicals are the superoxide dismutase enzymes (SOD) that 
catalyze the dismutation of superoxide to hydrogen 
peroxide. Three forms of SOD are known to exist in 
mammals: cytoplasmic SOD (Cu/Zn SOD), mitochondrial SOD 
(Mn SOD) , and extracellular Cu/2n SOD (EC-SOD) . In 
mammals, SOD-1 is the gene that encodes Cu/2n SOD, SOD-2 
is the gene that encodes Mn SOD, and SOD-3 is the gene 
that encodes EC-SOD. 

Cu/Zn SOD is a homodimeric protein of 32 kD that 
is localized to the cytoplasm and, perhaps, peroxisomes. 
It is produced constitutively in all cell types and is 
the most abundant SOD. High to moderate levels of Cu/Zn 
SOD are found in erythrocytes, the liver, skeletal 
muscle, and the brain. Mn SOD is a tetrameric protein 
localized to mitochondria and is found at approximately 5 
to 10% of the levels of Cu/Zn SOD in cells. EC-SOD is a 
tetrameric protein evolutionarily related to Cu/Zn SOD 
that is found at low levels in plasma. 

SOD-1 has been isolated and cloned from many 
different organisms. The complete amino acid sequences 
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of cu/zn SOD fro. 11 dlff.r«.t .pecie. have bwn 
cl^r-. » Of ho.olo„ i. .vl-.nt »o„, 

^ of v«t.br.t. origin and «t.l biMlng .it., 
to con..rv.d in .11 the specie.. See, e.g., 
, ^Uter et .1.. -itlcl i« WocW.trr. 

""""r. h^n 'cu/zn SOO h.. 1« »ino .cla. P« 
«„o«ric .uhunit .na 1. needed by . 

chro«..o.e 21. 8... e.g.. .t .1., J- »p. "•^•■J"' 
.„d .«ni.no«i. s sr.. '•""^/'h.uI^Ii U 

«ld U.S. F.t.nt MO. 5,252,476 (H.11.V.11 n 
in A fun-Lgth CDHA for .arm. Cu/Zn SOD has been 

uoiaieo V J .i„aie-oopy gM>. on ohro«>.oB. 16 
15 the structure of the .Ingie oopi v .,.191-195 
has be«. reported (Benedetto et .1., 6ene 99.191 

'"""■oxidative rtr... has been i.plict«> in nor«l 

^te^d;e M;thod, in ^.y-I=9y i»=l-75 ,1990,,. so.e 
^lef i;clude .troKe, h..d and spinal 
Maimer's di.e..., .th.roscl.ro.i. , I«kin.on'. 
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transgenic mice overexpressing Cu/Zn SOD two to threefold 
relative to normal Cu/Zn sod levels are protected against 
glutamate neurotoxicity in vitro. Neuroprotection is 
also conferred in Cu/Zn SOD transgenic mice against focal 
5 cerebral ischemia (Kinouchi et al., Proc. Natl. Acad, 
sci. USA 88:11158-11162 (1991)) and N-methyl-4-phenyl- 
1,2,3,6-tetrahydropyridine (MPTP) induced toxicity that 
causes damage similar to that observed in Parkinson's 
disease (Przedborski et al., J- Neurosci. 12:1658-1667 
10 (1992)) . 

Evidence for a direct role of Cu/Zn SOD in human 
disease is exemplified by the disease ALS. ALS is a 
progressive paralytic disorder caused by the degeneration 
of large motor neurons of the brain and spinal cord and 

15 is usually fatal within five years of onset of symptoms. 
Approximately 90% of ALS is "sporadic", i.e., no familial 
history of the disease. Enhanced oxidative damage and 
stress in sporadic ALS patients, as evidenced by 
increases in protein carbonyl content and complex I 

20 electron transport activity, was reported by Bowling et 
al. (J. Ueurochem. 61: 2322-2325 (1993)). Approximately 
10 % of ALS is inherited as an autosomal dominant trait 
and is termed familial ALS (FALS) . Recently, in a subset 
of FALS cases, more than 20 different missense mutations 

25 were identified within SOD-1 that resulted in a 40 to 50% 
reduction in the Cu/Zn SOD activity measured in red blood 
cell lysates. See, Rosen et al., Nature 362:59-62 

(1993) ; and Deng et al.. Science 261:1047-1051 (1993). 

The role of reduced Cu/Zn SOD activity in FALS is 
30 unclear, however, because transgenic mice overexpressing 
human Cu/Zn SOD bearing one of the FALS mutations develop 
progressive motor neuron loss similar to that observed in 
the human condition (Gurney et al.. Science 264:1772-1775 

(1994) ). Ripps et al. (Proc. Natl. Acad. Sci. USA 

35 92:689-693 (1995)) report that transgenic mice bearing a 
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mutation in the mouse SOD-1 gene that corresponds to one 
of the changes in human FALS gene have high expression of 
the altered gene in the central nervous system which is 
associated with an age-related rapidly progressive 
5 decline of motor function accompanied by degenerative 
changes of motomeurons within the spinal cord, brain 
stem, and neocortex. The tissues of these transgenic 
mice had normal levels of total SOD activity. This 
suggests that the mutations confer a gain-of-function on 
10 the Cu/Zn SOD protein that contributes to disease onset, 
one possibility is that reduced Cu/Zn SOD activity 
measured in the FALS patients is a co-factor in the 
disease (Gumey, Science 266:1587 (1994)). 

To determine whether decreased SOD activity could 
15 contribute to motor neuron loss, Cu/Zn SOD was inhibited 
chronically with antisense oligonucleotides or 
diethyldithiocarbamate in spinal cord organotypic 
cultures derived from rats. Chronic inhibition of Cu/Zn 
SOD resulted in the apoptotic degeneration of spinal 
20 neurons, including motor neurons. Motor neuron toxicity 
could be entirely prevented by the antioxidant N- 
acetylcystelne (Rothstein et al., Proc. Katl. Acad. Sci, 
USA 91:4155-4159 (1994)). Similarly, Troy et al. (Proc. 
Natl. Acad. sci. USA, 91: 6384-6387 (1994)) reported that 
25 inhibition of Cu/Zn SOD synthesis by antisense 
oligonucleotides in cultured PC12 cells (rat 
pheochromocytoma cells) results in apoptotic-like cell 
death in undifferentiated and nerve growth factor (NGF)- 
differentiated cultures. The authors suggest that free 
30 radical production caused by inhibition of Cu/Zn SOD is 
responsible for induction of the cell death pathway. 

It has been proposed that SOD is essential for 
norMl aerobic life. See, e.g., Olanow, TINS 16:439-444 
(1993). For example, non-mammalian SOD deficient 
35 organisms have been established which exhibit highly 
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deleterious characteristics, Escherichia coli lacking 
SOD activity exhibit an oxygen-dependent auxotrophy for 
branched chain amino acids. These organisms are unable 
to grow aerobically on minimal media, and are highly 
5 sensitive to the free radical-producing agents paraquat 
and hydrogen peroxide (Carlioz et al., EMBO J. 5:623-630 
(1986)). Cu/Zn SOD deficient yeast {Saccharomyces 
cerevisiae) are intolerant to atmospheric levels of 
oxygen and are auxotrophic for lysine and methionine 

10 (caiang et al., J. Biol. Chem. 266:4417-4424 (1991))- 
Mull mutations for Cu/Zn SOD in Drosophila melanogaster 
cause toxic hypersensitivities to oxidative stress 
conditions and a significant reduction in the adult 
lifespan (Phillips et al., Proc, Natl. Acad. Scl. USA 86: 

15 2761-2765 (1989)). 

Recently, it has been demonstrated that B-amyloid 
interacts with endothelial cells on blood vessels to 
produce an excess of superoxide radicals, resulting in 
alterations in endothelial structure and function (Thomas 

20 et al.. Nature 380:168-171 (1996)). The superoxide 
radical can damage the vascular endothelium by either 
initiating an attack on cellular proteins and lipids or 
by scavenging endotheliiim-derived relaxing factor that 
would enhance vasoconstriction and reduce vasodilation. 

25 This suggests that a reduction in SOD activity would 
exacerbate B-amyloid-induced vascular dsunage and a 
possible therapeutic benefit against B-amyloid toxicity 
could be gained by treatment with a superoxide scavenger 
such as SOD. See, Stamler, Nature 380:108-111 (1996); 

30 see also, Bradbxiry, Nature 347:750 (1996). 

firnnmAT-Y ff^ <-hA Tnvention 

We have discovered that when a himanized APP- 
encoding gene, comprising the human peptide encoding 
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10 



15 



sequence and the Swedish FAD mutations, is expressed in a 
gene-targeted non-human .aaiaal. the human peptide is 
produced in the non-human mammal's brain. In non-human 
^^is homozygous for the targeted APP gene, the human 

peptide is produced in the absence of native hfi 
peptide, in non-human mammals heterozygous for the 
targeted APP gene, the human A^ is produced in the 
presence of reduced levels of native A^ peptxde (with the 
reduced level of native A^ peptide being approximately 
50* of that normally produced in wild-type control 
animals) . we have also discovered that when a humanized 
APP ^ene, comprising the human A^ peptide encoding 
sequence and the Swedish FAD mutations, is expressed in 
the brain of a gene-targeted non-human mammal, 
amyloidogenic cleavage at the p-secretase site of APP is 
enhanced. As a result of this enhanced cleavage we 
expect enhanced production of the human A^ peptide m the 
brains of the gene-targeted non-human mammals, as 
compared to production of the native A^ peptide in the 
, brains of wild-type control animals. In non-human 
mammals homozygous for the targeted APP gene, the amount 
of human A^ peptide produced is approximately twice the 
amount of human A^ peptide produced in non-human mammals 
heterozygous for the targeted APP gene. 

Accordingly, in one embodiment, this invention 
features a non-human mammal homozygous for a targeted APP 
gene comprising: (l) a human A^ peptide-encoding 
sequence in place of the native A^ peptide-encoding 
sequence; and (2) at least one Swedish FAD mutation. In 
another embodiment, the invention features a non-human 
.ammal heterozygous for a targeted APP gene comprising: 
(1, a human A^ peptide-encoding sequence in place of the 
native peptide-encoding sequence; and (2) at least one 
Swedish FAD mutation. 



25 
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The non-htuaan naiomals of this invention aay be 
used as tools or nodels to elucidate the role of human Jifi 
in AD pathology and synptomatology. 

We have also generated heterozygous SOD-1 null 
non-huaan maamals, exenplified by a gene-targeted mouse 
lacking one normal copy (allele) of SOD-1, thereby 
producing a reduced amount of Cu/Zn SOD. Additionally, 
ve have generated homozygous SOD-1 null non-human mammals 
exemplified by a gene-targeted mouse lacking both normal 
copies (alleles) of SOD-1, thereby producing no 
aeasurable amount of Cu/Zn SOD protein. 

We have successfully cross-bred gene-targeted mice 
comprising the human AB peptide encoding sequence and the 
Swedish FAD mutation with gene-targeted mice lacking both 
15 copies of SOD-1 (i.e., homozygous SOD-1 null mice). 

Offspring from different litters derived from subsequent 
generations were cross-bred to produce mice which 
comprise: a human AB peptide-encoding sequence in place 
of the native Afl peptide-encoding sequence; at least one 
20 Swedish FAD mutation; and which lack both copies of the 
SOD-1 gene. 

Accordingly, in one embodiment, this invention 
features a non-human mammal homozygous for a targeted APP 
gene comprising: (1) a human Afi peptide-encoding 

25 sequence in place of the native AB peptide-encoding 

sequence; (2) at least one Swedish FAD mutation; and (3) 
an absence of both copies of the murine SOD-1 encoding 
sequence. Because of the implicated role of AB in 
producing an excess of superoxide radicals, lack of the 

30 superoxide radical scavenger SOD-i should further 
exacerbate the deleterious impact occasioned by AB 
secretion. As such, these animals may also be used as 
tools or models to elucidate the role of human AB in AD 
pathology and symptomology. These non-human animals can 

35 also be compared with the non-human animals disclosed 
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herein which are capable of expressing SOD-1 to further 
understand the role that SOD-l nay play in the pathology 
and symptomology of AD. 

The non-human nannals of this invention also may 
be used as assay systems to screen for in vivo inhibitors 
of amyloidogenic processing of APP in the non-human 
mammal's brain, non-brain tissues, or body fluids. 
Accordingly, the invention features a method for 
screening chemical compounds for their ability to inhibit 
in vivo processing of APP to yield the human A^ peptide 
in the brain, in non-brain tissues, or in body fluids 
(e.g., blood and cerebral spinal fluid), said method 
comprising the steps of: (a) administering said chemical 
compounds to a non-human mammal which may lack one or 
both copies of the SOD-l peptide-encoding sequence and 
which are homozygous or heterozygous for a targeted APP 
gene comprising: (1) a human A^ peptide-encoding 
sequence in place of the native A^ peptide-encoding 
sequence; (2) Swedish FAD mutations; and (b) measuring 
20 the relative amovmts of amyloidogenic and 

nonamyloidogenic processing of amyloid precursor protein 
in brain tissue, non-brain tissue, or body fluids (or 
some combination thereof) of said non-human mammal, at an 
appropriate interval after administration of said 

25 chemical compounds. 

AS used herein, "APP" means amyloid precursor 

protein. 

As used herein, "APP770" means the APP isoform 
that has 770 amino acid residues. The positions of the 
30 amino acid residues in the APP are numbered from 1 to 
770, Starting at the amino terminus. 

AS used herein, "arms of homology" means 
nucleotide DMA sequences in a targeting vector: (1) 
which have sufficient length and homology to provide for 
35 site-specific integration of part of the targeting vector 
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into the target gene by homologous recombination; (2) in 
which, or between which are located one or more mutations 
to be introduced into a target gene; and (3) which flank 
a positive selectable marker. 

As used herein, "deletion vector" means a vector 
that includes one or more selectable marker sequences and 
two sequences of DNA homologous to the genomic DHA that 
flank the DMA gene sequence which is to be deleted. 

As used herein, "homologous sequence" means a 
sequence at least about 90%, but preferably about 95%, 
identical to the corresponding target sequence. These 
flanking sequences are the arms of homology. Preferably, 
the arms of homology for the SOD-1 gene are substantially 
isogenic for the corresponding flanking sequences in the 
15 cell being targeted or "target cell." 

A "substantially isogenic" sequence is at least 
about 97-98% identical to the corresponding target 
sequence. The use of DNA isogenic to the target cells 
helps assure high efficiency of recombination with the 
target sequences. The cumulative region of homology is 
longer than about 50 bp but is preferably about 2 kb or 
greater. 

As used herein, "gene-targeted non-human mammal" 
means a non-human mammal comprising one or more targeted 
genes. The preferred gene-targeted non-human mammal is a 
mouse. 

As used herein, "homologous recombination" means 
rearrangement of DNA segments, at a sequence-specific 
site (or sites) , within or between DNA molecules, through 
30 base-pairing mechanisms. 

As used herein, "humanized APP" means a non-human 
mammalian APP in which the native A^ peptide sequence of 
the APP has been replaced with the human A^ peptide 
sequence, and the remainder of the APP molecule, i.e., 
35 everything except the Afi peptide sequence, is unchanged. 
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An APP is said to be "huaaniafifl" because it consists of a 
conbination of human and native sequences. 

As used herein, "human A^ peptide" means a peptide 
having the amino acid sequence of the human A^ peptide, 
regardless of whether the peptide is proteolytically 
derived from a human APP or a hvimanized APP. An A^ 
peptide is said to be human, as opposed to humanissd, 
because it consists exclusively of a human sequence. 

As used herein, "normal" or "normal copy" in 
reference to SOD-1 or SOD-1 allele means the gene 
expressing wild type amounts of enzymatically active 
Cu/Zn SOD protein in a wild type mammal whose genome 
includes such SOD-1. Thus, an animal lacking at least 
one normal copy of an allele, as defined herein, need not 
necessarily have that allele excised form the genome of 
that animal; rather, the gene sequence can be 
sufficiently disrupted such that the expression of a 
protein encoded thereby is disrupted. Therefore, a 
mammal lacking at least one copy of a normal SOD-1 allele 
can, as defined herein, have a mutated SOD-1 allele that 
disrupts expression of the Cu/Zn SOD. 

As used herein, "reduced amount" in reference to 
the amount of Cu/Zn SOD protein expressed in a gene- 
targeted mammal lacking one normal copy of SOD-i gene 
means between about 25% and about 75% of wild-type Cu/Zn 
SOD protein typically expressed in a comparative mammal 
(e.g., a mouse in the case of the gene-targeted mouse). 

As used herein, "no measurable amount" in 
reference to Cu/Zn SOD protein expressed in a gene- 
, targeted mammal lacking both copies of normal SOD-1 means 
less than about 10% of wild-type Cu/ZN SOD protein 
normally expressed in a comparative mammal. 
Methodologies for measurement of protein expressed by a 
gene are varied and well-known; analyses may be made, for 
i example, using anti-Cu/Zn SOD protein antibody 
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measurements of tissue samples such as exemplified in 
Example 14 below. 

As used herein, **Svedish FAD mutations'* means 
transversions (G to T and A to C) in codons 670 and 671 
5 (APP 770 transcript) , which are in exon 16 of the APP 
gene. The Swedish FAD mutations change lysine to 
asparagine and methionine to leucine at positions 670 and 
671, respectively, in the amyloid precursor protein. 

As used herein, "target gene" means a gene in a 

10 cell, which gene is to be modified by homologous 
recombination with a targeting vector. 

As used herein, "targeted gene" means a gene in a 
cell, which gene has been modified by homologous 
recombination with a targeting vector. 

15 As used herein, "targeting vector" means a DNA 

molecule that includes arms of homology, the nucleotide 
sequence (located within or between the arms of homology) 
to be incorporated into the target gene, and one or more 
selectable meurkers. 

20 As used herein, "wild-type control animal" means a 

non-gene-targeted, non-human mammal of the same species 
as, and otherwise comparable to (e.g., similar age), a 
gene-targeted non-humsm mammal. A wild-type control 
animal can be used as the basis for comparison, in 

25 assessing results associated with a particular genotype. 
As used herein, "about" in reference to a 
niimerical value means "+/- 10%" of the numerical value, 
e.g., "about 10%" means between 9% and 11%. 

Unless otherwise defined, all technical and 

30 scientific terms used herein have the same meaning as 
commonly understood by one of ordinary skill in the art 
to which this invention belongs. Although methods and 
materials similar or equivalent to those described herein 
can be used in the practice or testing of the present 

35 Invention, the preferred methods and materials are 
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d..crib«d below. All publictions, patent application., 
natents, and other references nentioned herein are 
r„c:ro«ted by reference in their entirety. In case o 
conflict, the present application, including definitions, 
, : colol. 'in addition, the materials -th^d-^d 
exa.ples are illustrative only and not intended to be 

Other features and advantages of the invention 
will be apparent from the following description of the 
.0 ;teferr.d e^i-nts thereof, and fro» the clai^. 

Fig. 1 is a schematic diagram illustrating general 
p.l„ciples of^gene -^^^^^^^^^^ APP genomic clone maps. 
„ Single letter abbreviations for restriction endonudeases 
are as follows: E, EcoRl; H, Hindlll; X, Xb^ 

Pig. 3 is a diagram illustrating a FIASH- 

restriction mapping method. 

Fig. 4 is diagram illustrating the strategy for 

ic I/; nnA 17 on the genomic APP 
20 placing APP exons 15, 16 and 17 on « 

Ti'. . P.ir ,«»tic »ps illu.tr.tin, t.. 
r.l.tionrt.ip b.tw.«. MP exon 16 .nd th. pAPP-TV 
r.pl.c».nt vctor. single letter ^ 
„ restriction enaonucleases are as lollowa: E, EcoRI, H, 

"^'"W^.TiJ a""so:::Jttc'.ia^.. iUuetratin, t.. 

Fig. 8 1. a schematic diagram illustrating the 
construction ot pl.«.l<l> p»PP5'homol-ll and 
pAPP5'homol-17 . 
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Fig. 9 is a schematic diagram illustrating the 
restriction mapping of the 3' arm of homology. 

Fig. 10 is a pair of restriction maps for the APP 
3' and 5' arms of homology. 
5 Fig. 11 is a schematic diagram illustrating the 

construction of plasmid pAPP3'homolAB. 

Fig. 12 is a partial sequence of mouse APP exon 
16, showing amino acid changes. 

Fig. 13 is a schematic diagram illustrating the 
10 construction of plasmid pAPP3'homolAB-NL. 

Fig. 14 is a schematic diagram illustrating the 
construction of plasmid pAPP3'homolAB-NLh. 

Fig. 15 is a schematic diagram illustrating the 
construction of plasmid p4Z3'homolNL-h. 
15 Fig. 16 is a schematic diagram illustrating the 

construction of plasmid pSK3'homolNL-h. 

Pig. 17 is a schematic diagram illustrating the 
construction of plasmid pPNT3'homol. 

Fig. 18 is a schematic diagram illustrating the 
20 construction of plasmid pAPP-TV. 

Fig. 19 is a schematic diagram illustrating the 
strategy to detect homologous recombination within mouse 
APP. Single letter abbreviations for restriction 
endonucleases are as follows: E, EcoRI; H, Hindlll; X, 

25 Xbal; and N, Notl. 

Fig. 20 is a schematic diagram of APP, relevant 
carboxyl-terminal derivatives (CTD) and APP-specif ic 
antibodies . 

Fig. 21 is a photograph of an immunoblot used to 
30 detect human A^ epitopes from targeted ES cells. 

Fig. 22 is a photograph of immunoblots used for 
detection of 12 kD and 9 kD carboxyl-terminal derivatives 
of APP in targeted mouse brain. 



wo 96/34097 



PCTrtJS96/05824 



10 



15 



- 18 - 

Pig. 23 is a photograph of lumunoblots used for 
d«t«ction of 12 kD and 9 W) carboxyl-terninal derivatives 
of APP in targeted mouse brain. 

Fig. 24A is a photograph of immimoblots used for 
the detection of human AB in human and targeted mouse 
brains. 

Fig. 24B is a photograph of iumiunoblcts used for 
the detection of human Afi in human and targeted mouse 
brains . 

Fig. 24C is a graph svimmarizing data on levels of 
human AB in brains from the various genotypes of the APP 
gene-targeted mice 

Fig. 25A is a set of mouse SOD-1 genomic clone 

maps. 

Fig. 25B is a composite map based on the maps in 
Fig. 25A. 

Fig. 26 is a schematic diagram of restriction 
mapping with the FLASHe Nonradioactive Gene Mapping Kit. 
A typical restriction map for a genomic clone isolated 
from a Lambda DASH* II library is shown at the top of the 
figure. 

Fig. 27 is a SOD genomic map (upper portion) and a 
map of a targeting vector (lower portion) . 

Fig. 28 is a schematic diagram of the construction 
of intermediate plasmid pPNTlox^. 

Fig. 29 is a schematic diagram of the construction 
of intermediate plasmid pSK18-9. 

Fig. 30 is a schematic diagram of the construction 
of intermediate plasmid pS0D3'homolTV. 
30 Pig. 31 is a schematic diagram of the construction 

of intermediate plasmid pSK EH69-2. 

Fig. 32 is a schematic diagram of the construction 

of deletion vector pSOD-TV. 

Pig. 33 is a schematic diagram of the strategy 
35 used to detect homologous recombination within mouse SOD- 
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1. Fig. 34 is a graph suiuaarizing data from the 

measurement of Cu/Zn SOD concentration and activity 
levels in blood samples from wild-type mice, and mice 
heterozygous and homozygous for the SOD<*l null allele. 

This invention provides a non-human mammal that 
produces the himan peptide in its brain (and other 
tissues) instead of the peptide normally produced by 
that species of non-human meunmal. A non-human mammal 

10 homozygous for a targeted APP gene produces the human A^ 
peptide exclusively, i.e., it produces no native Aj9 
peptide. A non-human mammal heterozygous for a targeted 
APP gene produces both the human A^ peptide and the 
native A/9 peptide. 

15 The non-human mammal of this invention produces 

the human A^ peptide exclusively by normal endogenous APP 
processing mechanisms. The APP undergoing such 
processing is advantageously expressed from genes having 
the normal copy number, and under the control of the 

20 endogenous APP expression control sequences. As a 

result, the APP in the non-human mammal of this invention 
is produced vith the same developmental timing, same 
tissue specificity, and same rates of synthesis normally 
associated with native APP in the non-human mammal. 

25 In the non-human mammal of this invention, the A^ 

peptide produced is exclusively the human form, and it is 
produced at levels greater than the levels at which 
endogenous A^ peptide is produced in control animals. 
The enhanced production of the A^ peptide presumably 

30 results from the Swedish mutations exerting an effect on 
the normal APP processing mechanisms. Over express ion of, 
and increased pools of, APP are advantageously avoided. 

APP has been shown to have a number of biological 
effects including inhibition of serine proteases, 
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l^owth r.,«l.tion (S.lt<, et .1., cell 58= 

uHt)), Vra cell .tt.=^.ent (Br.e„ et .1., J. »eurc.«. 

90-100 (1«X„. I„ addition. XPP end secrete. 
, 7Ls ot APP heve been shown to neuroprotective when 
overexpressed in transgenic '^^-^"'-^^^X^^ 
•taWllzatlon of intracellular calciuB level. (Muck. 
.1 Brain Ses. «66:151-1«7 (1994); Mattson et al., 

(1993,,. This is Significant, .ecause 
o In^sed pools of WP «y interfere with A#-specific 

^^rh^entc proc in unpredicta.1. ways or initiate 

path4«.ic events unrelated to the M peptide or AD. 

A further advantage of the present invention is 
that, in the non-hu»an .«««ls ho»o.ygous for the 
targUed APP gene, the enhanced levels of hu«n W 
peptide are obtained in ------ rerrth. 

nt^r^ reP^rry har-differe^t prop^ties t.n doe. 
the hu«n A* peptide, so,, e.g.. 
„ Bloch«.. 21i:»9-257 (1993); «.d Bush et .1.. science 

"'""rru'se' So'o'Vs the initial defense against o^gen 
toxicity, and cytoplasmic Cu/2n SOD represent, a large 

cnn activity in mammals, it was not 

„ :ri : hi: z::::^^- ^.pieteiy ucing cu^n sod. 

I . , null tor both alleles, =°uld survive, usxn, 
^thUs for introducing gene-targeted .utation. in 

. currently exemplified in the «t us^g^ice w. 
wanted to determine whether ablation or 
30 the mouse normal SOD-1 gen. could te 

resulting in gene-targeted, non-human mammals deficient 
in or l^^ln, cytopWc Cu/Zn SOD activity. «e also 
If d.t JTln. Whether mammal, lacking ~/.n SOD 
""t^ty would b. viable, such mutagenized mammal., when 
3, c^o . b^ea with the non-human animal, disclosed above. 
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are useful for directly addressing the role of oxidative 
stress in any AD in which free radical damage has been 
inpllcated. 

The gene-targeted non-human maomaals of this 
5 invention may be used as tools or models to elucidate the 
role of human in AD pathology and symptomatology. The 
gene-*targeted non^human mammals of this invention also 
may be used as assay systems to screen for in vivo 
inhibitors of amyloidogenic processing of APP to yield 
the human A^ peptide in their brains, non-brain tissues, 
or body fluids (e.g., blood and cerebrospinal fluid). 

The first step in producing a gene-targeted non- 
hximan mammal of this invention is to prepare a DNA 
targeting vector. The targeting vector is designed to 
replace, via homologous recombination, part of the 
endogenous APP gene sequence of a non-human mammal, so as 
to "humanize" the A^ peptide-encoding part of the 
endogenous APP gene and introduce the Swedish mutations. 
The targeting vector is used to transfect a non-human 
mammalian cell, e.g., a pluripotent, murine embryo- 
derived stem ("ES") cell. In this cell, homologous 
recombination (i.e., the gene- targeting event) takes 
place between the targeting vector and the target gene. 
The mutant cell is then used to produce intact non-human 
mammals (e.g., by aggregation of murine ES cells to mouse 
embiryos) to generate germ-line chimeras. The germline 
chimeras are used to produce siblings heterozygous for 
the mutated targeted gene. Finally, interbreeding of 
heterozygous siblings yields non-human meuomals (e.g., 
mice) homozygous for the mutated targeted gene. 

Targeting vectors for the practice of this 
invention can be constructed using materials, information 
and processes known in the art. A general description of 
the targeting vector used in this invention follows. 
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A targeting vector for use in this invention has 
two essential functions: (1) to integrate specifically 
(and stably) at the endogenous APP target gene; and (2) 
to replace a portion of exon 16 of the endogenous APP 
5 gene, thereby introducing the Swedish mutations and the 
nutations that convert the endogenous Kfi sequence to the 
huaan sequence. Those two essential functions depend 
on two basic structural features of the targeting vector. 
The first basic structural feature of the 
0 targeting vector is a pair of regions, Xnown as -anas of 
homology." which are homologous to selected regions of 
the endogenous APP gene or regions flanlcing the APP gene. 
This homology causes at least part of the ^^^^eting 
vector to integrate into the chromosome, replacing part 
15 (or all) the APP target gene, by homologous 
reconblna^lon • 

Homologous recombination, in general, is the 
rearrangement of DNA segments, at a sequence-specific 
site (or sites), within or between DNA molecules, through 
20 base-pairing mechanisms. The present invention relates 
to a particular form of homologous recombination 
sometimes known as "gene targeting." , . ^ . 

currently, gene-targeting protocols utilized m 
the art are defined by the mouse; however, as the state 
2S of the gene-targeting art progresses to other mammals 
(i.e.. rats. pigs, rabbits, non-human primates), the 
technique and methods disclosed below can rapidly be 

adapted thereto. 

The second basic structural feature of the 

30 targeting vector consists of the actual mutation(s) to be 
introduced into the target gene. In the present 
invention, those mutations are nucleotide changes 
yielding the following amino acid changes: Gly to Arg 
(^ t, Lp .76); Phe to Tyr (A^ 10, APP 681); Arg to His 

3S Z 13. APP 684). The mutation(s) to be introduced into 
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the APP target gene must be located within or between the 
ams of homology. 

Gene targeting, which affects the struct\ire of a 
specific gene already in a cell, is to be distinguished 
5 from other forms of stable transformation, wherein 
integration of exogenous DKA for expression in a 
transformed cell is not site-specific, and thus does not 
predictably affect the structure of any particular gene 
already in the transformed cell. Furthermore, with the 

10 type of targeting vector preferred in the practice of 
this invention (e.g., the one described below), a 
reciprocal exchange of genomic DNA takes place (between 
the arms of homology and the target gene) , and 
chromosomal insezrtion of the entire vector is 

15 advantageously avoided* 

The examples below describe the actual 
construction of an APP gene targeting vector (and its 
use) to mutate the murine A^ peptide-encoding seguence so 
that it encodes the human A^ peptide, and simultaneously 

20 to introduce the Swedish FAD mutations into the murine 
APP gene. One of ordinary skill in the art will 
recognize that numerous other targeting vectors could be 
designed to introduce the same mutations, using the 
principles of homologous recombination. Gene-targeted 

25 non-human maunmals produced using such other targeting 

vectors eure within the scope of the present invention. A 
discussion of targeting vector constraints and 
considerations follows. 

The length of the arms of homology that flank the 

30 replacement sequence can vary considerably without 

significant effect on the practice of the invention. The 
arms of homology must be of sufficient length for 
effective heteroduplex formation between one strand of 
the targeting vector and one strand of a transfected 

35 cell's chromosome, at the APP target gene locus. 
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increasing the length of the arms of homology promotes 
heteroduplex formation and thus targeting efficiency. 
However, it will be appreciated that the incremental 
targeting efficiency accruing per additional homologous 
base pair eventually diminishes and is offset by 
practical difficulties in target vector construction, as 
arms of homology exceed several thousand base pairs. A 
preferred length for each arm of homology is 50 to 10,000 
base pairs. 

There is considerable latitude in the choice of 
which regions of the APP target gene, chromosomal regions 
flanking the APP target gene are represented in the 
targeting vector's arms of homology. The basic 
constraint is that the base pairs to be changed in the 
APP target gene must lie within or between the arms of 
homology. The arms of homology nay lie within the APP 
target gene, but it is not necessary that they do so. 
They may flank the APP target gene. 

preferably, the targeting vector will comprise, 
between the arms of homology, a positive selection 
marker. The positive selection marker should be placed 
within an intron of the target gene, so that it will be 
spliced out of «RNA and avoid the expression of a 
target /marker fusion protein. More preferably, the 
; targeting vector will comprise two selection markers: a 
positive selection marker, located between the arms of 
homology, and a negative selection marker, located 
outside the arms of homology. The negative selection 
marker is a means of identifying and eliminating clones 
0 in which the targeting vector has been integrated into 
the genome by random insertion instead of homologous 
recombination. Exemplary positive selection markers are 
neomycin phosphotransferase and hygromycin 0 
phosphotransferase genes. Exemplary negative selection 



wo 96/34097 



PCTAJS96/0S824 



- 25 - 

markers are Herpes simplex thymidine kinase and 
diphtheria toxin genes. 

To eliminate potential interference on expression 
of the target protein, the positive selection marker can 
5 be flanked by short ioxP recombination sites isolated 
from phage PI DNA. Recombination between the two ioxP 
sites at the targeted gene locus can be induced by 
introduction of ere recombinase to the cells. This 
results in the elimination of the positive selection 

10 marker, leaving only one of the two short loxF sites. 
(See U.S. Patent No. 4,959,317). Excision of the 
positive selectable marker from intron 15 is correlated 
with enhanced expression from the APP-targeted gene and 
as a consequence greater Afi production. The enhancement 

15 of APP expression when the positive selectable marker is 
excised is most likely because the marker carries its own 
RKA processing signals that interfere with efficient and 
faithful APP transcription. Accordingly, animals 
containing the above-disclosed AFP mutations but lacking 

20 the positive selectable marker are preferred for 
measuring human AB and screening for inhibitors of 
amyloldogenic processing of APP. 

In the specific SOD-1 deletion vector disclosed 
herein, the positive selection marker is neo^, a gene 

25 that encodes resistance to the neomycin analog G418, and 
the negative selection marker is the herpes simplex virus 
thymidine kinase gene (HSV-TK) , a gene that encodes 
susceptibility to ganciclovir. Upon successful gene* 
targeting and homologous recombination, the positive 

30 selection xnarker is incorporated into the genome in place 
of the gene to be deleted within the arms of homology, 
thereby maJcing the gene-targeted cells resistant to G418, 
while the negative selection marker is excluded, thereby 
maintaining the cells' resistance to ganciclovir. Thus, 

35 to enrich for homologous recombinants, gene-targeted 
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cells are grown in culture medium containing G418 to 
select for the presence of the neo*^ gene, and ganciclovir 
to select for the absence of the HSV-TK gene. 

rig. 1 illustrates general principles of gene 
targeting. ' In Fig. l, mutations to be incorporated into 
the target gene are indicated by asterisks. In targeting 
vector (Pig. 1), the arms of homology are regions from 1 
to 2 and from 3-4. The arms of homology are placed in 
the vector on either side of (i.e., flanking) a DNA 
8e«3uence encoding a positive selection marker. A gene 
encoding susceptibility to an otherwise nontoxic drug 
(negative selection marker) is placed outside the region 
of homology. When the targeting vector is transfected 
into cells and integrated into the target gene, with 
crossovers occurring in the desired regions, the positive 
selection marker is inserted into the genome between 
regions 2 and 3 in this example (making the transformed 
cells resistant to the positive selection agent) while 
the negative selection marker is excluded. To enrich for 
the desired recombinants, transfected cells are grown in 
a culture medium containing the positive selection agent 
to select for the presence of the positive resistance 
marker and the negative selection agent, to select for 
the absence of the negative resistance marker. 

Mutations in the arms of homology may or may not 
be Incorporated into the target gene as a result of 
homologous recombination, depending on where the 
crossovers take place. For example, when hypothetical 
double crossover "A" occurs (Fig. 1). i.e., both 
a crossovers on one side of the mutations, the mutations 
are not incorporated into the target gene. When 
hypothetical double crossover -B" occurs (Fig. 1), i.e., 
with the mutations between the crossovers, the mutations 
are incorporated into the target gene. 
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For a general description of gene targeting, see, 
e.g., Nature 355:348 (1988). One of ordinary skill in 
the art will recognize that while the examples below 
disclose our most preferred strategy and targeting vector 
5 for the development of a gene* targeted murine model 
system, various methods for producing gene-targeted 
murine, and non-murine, non-human mammals are known, and 
other strategies and targeting vectors will be readily 
apparent. Fur1:hermore, as new methods become available, 

10 additional strategies and targeting vectors will be 
apparent, and may be preferred. Accordingly, the 
following examples are not intended as, and are not to be 
construed as, limiting with respect to the disclosure or 
the scope of the claims. Other non-murine, non-human 

15 mammals are within the scope of the present invention. 
It should be recognized from the foregoing 
discussion that the practice of the present invention 
requires a DNA clone comprising at least that region of 
the APP gene that includes the nucleotides to be 

20 replaced. Such necessary DNA clones may be obtained by a 
variety of means. The nucleotide sequence of the human 
APP gene is known. See^ e.g., Kang et al. (supra); 
Goldgaber et al. (supra) j Tanzi et al. (supra); and 
Robakis et al. (supra). The necessary DNA clones may be 

25 obtained, for example, by following the APP gene cloning 
methods set forth in the publications cited above. 
Alternatively, the published sequences can be used for 
the complete chemical synthesis of the desired DNA or the 
chemical synthesis of oligonucleotides that can be used 

30 as probes or PGR primers, as tools to obtain the 
necessary DNA by conventional techniques. 

The specific procedure followed to generate SOD-1 
knock out mice is detailed below. The following 
restriction enzymes, and their single letter codes, are 
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referred to in the examples which follow: EcoRl (E) , 
Hindlll (H) , Kpnl (K) , EcoRV (R) , Sail (S) and NotI (N) . 

In order that the invention described herein may 
be more fully understood, examples are provided below. 
It should be understood that these examples are for 
illustrative purposes only and are not to be construed as 
limiting the invention in any manner. Throughout these 
examples, molecular cloning reactions, and other standard 
recombinant DKA techniques, were carried out according to 
methods described in Maniatis et al.. Molecular Cloning - 
A Laboratory Manual, Cold Spring Harbor Laboratory (1982) 
or sambrook et al.. Molecular Cloning - A Laboratory 
Manual, 2nd Ed., Cold Spring Harbor Press (1989), using 
commercially available enzymes, except where otherwise 
15 noted. 



10 



Examples 

The mouse APP genomic DNA was isolated from a 
phage library created from 129/Sv mouse DNA partially 
20 digested with Sau3A and cloned into the BamHI site of 
Lambda DASH-. Approximately 1.2 x 10« recombinant 
bacteriophage were screened for the presence of APP 
sequences by hybridization with a 300 base pair (bp) , 
radiolabelled APP-specific DNA probe. This probe was 
25 generated by polymerase chain reaction (PCR) 

amplification using primers ST41 (SEQ ID NO:l) and ST42 
(SEQ ID N0:2), which hybridize to the 5' end of exon 15 
and the 3' end of exon 17, respectively, on a human APP 
cDHA clone (Fig. 2) . The amplified fragment was 
separated from other components of the reaction by 
electrophoresis on a 1.0% agarose gel, and purified using 
GeneClean»II (Bio 101, Inc., La Jolla, CA) . Purified 
probe DNA was radioactively labelled with "p-dCTP by the 
random primer method using a commercially available kit 



30 
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(Multlprime DNA Labeling System**; Amersham Life Sciences, 
Arlington Heights, XL). 

From this screen, seven clones were identified 
that hybridized to the APP probe (i.e., AAPP26, ;iAPP29, 
5 JIAPP23, AAPP18, AAPP13, AAPP17, and AAPP32) . These 
clones were purified by limiting dilution and plague 
hybridization with the APP probe. 

For each clone, DNA was prepared from bacteriophage 
particles purified on a CsCl gradient* Restriction maps 

10 were then generated for each of the cloned inserts using 
the FLASH* Nonradioactive Gene Mapping Kit (Stratagene"* 
Inc., La Jolla, OA). The method is depicted 
schematically in Fig. 3. This method of restriction 
mapping involves completely digesting 10 /ig of the phage 

15 DNA with NotI, which cleaves the vector at both ends of 
the cloned insert, leaving a T3 bacteriophage promoter 
attached to one end, and a T7 bacteriophage promoter 
attached to the other end. The Notl-digested DNA was 
then subjected to an EcoRI partial digest. The products 

20 of the partial digest were visualized by ethidium bromide 
staining, and transferred to a GeneScreen* membrane (NEN 
Research Products, Boston, MA), by capillary transfer. 
The membrane-bound DNA was hybridized with an alkaline 
phosphatase-labelled oligonucleotide specific for the T3 

25 promoter (supplied with FLASH* kit) . After 

hybridization, the membrane was washed and developed with 
a chemiluminescence-yielding substrate and exposed to 
X-ray film for approximately 60 minutes. 

The oligonucleotide probes effectively label one end 

30 of the insert. By determining the positions of the bands 
on the X-ray film and calculating the DNA size for which 
they correspond, it was possible to determine the 
position of the EcoRI sites relative to the T3 end of the 
insert (Fig. 3). The first probe was then stripped from 

35 the membrane, and hybridization was repeated with a 
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T7-specific probe, to determine the positions of the 
EcoRI sites relative to the T7 end of the insert • This 
process was repeated using the enzymes Hindlll and Xbal. 
By comparing the restriction enzyme maps of the different 
5 overlapping clones a composite map was assembled. Of the 
seven original clones isolated, five independent clones 
were identified (Fig. 2) • 

Exons 15, 16 and 17 were next located on our 
restriction map by hybridizing exon-specif ic probes to 
10 complete digests of each of the five different lamda 
genomic clones. For example, 3 of DMA from each of 
the 5 different clones was completely digested with 
EcoRI. The digested DNA was resolved on a 0.8% agarose 
gel, visualized with ethidium bromide staining and 
15 transferred to a GeneScreen* membrane (NEN Research 
Products, Boston, MA) by capillary transfer. The 
membrane-bound DNA was then hybridized with a DNA probe 
that specifically hybridized to sequences from mouse APP 
exon 16. This probe was generated by PCR using 
20 oligonucleotides ST47 (SEQ ID N0:3) and ST48 (SEQ ID 
NO: 4), Which hybridize to the 5' and 3' ends of exon 16 
respectively. After hybridization, the membrane was 
washed and exposed to X-ray film (Fig. 4). This 
experiment revealed that all clones contained a 600 bp 
25 fragment that hybridized to the exon 16 probe. In 

addition, clone XAPP13 hybridized to a 5.1 kb fragment 
while clones AAPP18, XAPP26 XAPP23 yielded a fragment, 
in addition to the 600 bp fragment, of sizes 900 bp, 1.7 
Jcb, and 3.6 kb respectively. By combining this 
30 information with the restriction map data for each lambda 
clone, exon 16 was placed on our map so that the EcoRI 
site in exon 16 (Yamada, et al., supra) corresponds to 
the EcoRI site at position 12.8 on our composite map. A 
similar procedure was used to identify the positions of 
35 exons 15 and 17 on our composite map, using exon 15 and 
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exon 17-specific probes and utilizing the restriction 
enzymes Xbal and Hindlll in addition to EcoRI. The exon 
15->specific probe was generated using PGR primers ST45 
(SEQ ID NO: 5) and ST46 (SEQ ID N0:6) . The exon 
5 17-speclfic probe was generated using the primers ST49 
(SEQ ID NO:7) and ST50 (SEQ ID N0;8}. These last two 100 
bp exons could only be localized to within the limits of 
a 4.4 kb fragment and a 1.9 kb fragment respectively 
(Fig- 2). 

10 Example 2 - Construction of Targeting Vector dAPP-TV 

A 4.5 kb Hlndlll fragment (position 6.5 - 11.0 on 
our summaury map; Fig. 2) was chosen as a 5' arm of 
homology, and a 5.6 kb Hindlll fragment (positions 
11.0-16.6 on our siunmary map; Fig. 2) was chosen as a 3' 

15 arm of homology, which would contain the desired 

mutations. These fragments were isolated and cloned into 
pBlueScript* SK+ (Stratagene, LaJolla, OA) and then 
subcloned into the plasmid pPNTlox^ (described below) 
which contained a neo^ gene, an HSV-TK gene and linker 

20 sequences to produce a replacement vector (pAPP-TV; Fig. 
5) . The vector of the example can contain loxP sites 
surrounding the neo^ cassette, to allow for excision of 
the positive selection marker; see, e.g., Sauer U. S« 
Patent No. 4,959,317. 

25 intgrmgdifttg Plagmid pPMTlgx^ 

The starting plasmid was pPNT (Tybulewlcz, et al.. 
Cell 65:1153-1163 (1991)); obtained from Dr. Richard 
Mulligan, MIT, Cambridge, MA). Two oligonucleotide 
linkers, one on each side of the neo^ cassette, were 
30 Inserted Into pPNT to create the intermediate, pPNTlox^ 
(Fig. 6). A double-stranded 79 bp 5' linker was created 
by annealing two single-stranded oligonucleotides that 



wo 96/34097 



PCT/US96/05824 



- 32 - 

overlap at their 3' ends and then filling in the 
remaining single-stranded regions with the Klenow 
fragment of DNA polymerase I. The oligonucleotides PNT 
Not (SEQ ID NO: 9) and PNT Xho (SEQ ID M0:10) (150 ng of 
5 each) were combined in a 30 Ml reaction mixture 

containing 5 U of Klenow polymerase, Klenow polymerase 
buffer and 2mM dNTPs (dATP, dCTP, dGTP, and dTTP) . After 
incubation for 1 hour at 37 -C, 5 nl of this reaction 
mixture was simultaneously digested with NotI and Xhol. 
10 In addition, 200 ng of pPNT was digested with NotI and 
Xhol. The digested plasmid was purified, using a 0.8% 
agarose gel, and treated with calf intestinal phosphatase 
according to standard methods. A quantity (66 ng) of the 
double digested linker was ligated to the double digested 
as and phosphatase-treated pPNT DNA. Following DNA 
transformation of competent WMllOO E. coli with the 
ligated DNA (Dower, Nucleic Acids Res. 16:6127-6145 
(1988)), plasmid DNA was isolated from 
ampicillin-resistant bacteria and subjected to 
20 restriction analysis. The desired recombinant plasmids 
were identified as having acquired Sail, Hpal and Nsil 
sites (present in the linker) while still retaining the 
NotI and Xhol sites of the starting plasmid. One such 
recombinant plasmid with a 79 bp linker sequence was 
25 identified and designated pXN-4 (Fig. 6). 

A similar approach was used to insert a 40 bp 3' 
linker between the Xbal and BamHl sites of pXN-4. The 
oligonucleotides used to synthesize the linker were PNT 
Xba (SEQ ID NO: 11) and PNT Bam (SEQ ID NO: 12). In this 
30 case, pXN-4 and the double-stranded linker DNA were 
digested with Xbal and BamHi. The purified fragments 
were ligated and transfected into competent WMllOO 
bacteria. Plasmid DNA was digested with Xbal and BamHI, 
end-labelled with 32p-dCTP and Klenow polymerase, and 
35 resolved on an 8% acrylamide gel. The gel was dried and 
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exposed to X-'xay film. The desired recombinant clones 
were identified by a 40 bp band liberated by a Xbal-BaxoHI 
double digest* The resulting plasmid was designated 
pPMTlox^ (Fig. 6) . This construct includes the neo'^ 
5 cassette flanked by the loxP sequences (see, Sauer, 
supra) • 

To confirm the seqpiences of the Inserted linkers, 
a fragment containing both linkers was isolated from 
pPNTlox^ using Noti and EcoRI and cloned into 
10 pBlueScript* SK+, for sequencing purposes. Identity of 
the linkers was confirmed by direct nucleotide sequencing 
(using T3 and T7 sequencing primers (Stratagene, La 
Jolla, CA) and Sequenase Version 2.0 DNA Seqpiencing Kit 
(United States Biochemical, Cleveland, OH). 

15 syfeglgnlnq Arws pg Hopplggy 

The Hindlll fragment to serve as the 3' airm of 
homology was isolated from 1APP13 by digesting 30 /xg of 
the phage DNA with Hindlll, resolving the digested DNA on 
a O.B\ agarose gel, visualizing the DNA with ethidium 

20 bromide staining and then excising the 5.6 kb fragment 
from the gel* DNA was purified from the gel using 
GeneClean^II (Bio 101 Inc., La Jolla, CA) . 
Simultaneously, 1 Mg of pBlueScript* SK+ (Stratagene, 
LaJolla, CA) was digested with Hindlll and subsequently 

25 purified by the same procedure. Approximately 400 ng of 
the purified lamda DNA and 100 ng of the purified plasmid 
DNA were combined in a 10 ^1 ligation reaction, and 
competent HHllOO E. coli cells were transfoznaied with the 
ligation products. Plasmid DNA from transformants was 

30 screened by restriction analysis, and plasmids, 

pAPP3'homol-7 and pAPP3'homol-4 (Fig. 7) were isolated. 

These plasmids were analyzed after Hindlll 
digestion to detect the 5.6 kb APP fragment. Since the 
insert could be in either of two orientations, plasmid 

35 DNA was further screened by Xbal digestion. Clone 
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pAPP3'homol-4 had the APP insert oriented with the 5' end 
closest to the T7 promoter. In pAPP3'hoinol-7, the 5' end 
was next to the T3 promoter (Fig* 7) • 

The 5' arm of homology (a 4.5 kb Hindlll fragment) 
5 was similarly subcloned from XAPP23 into pBlueScript" 
SK+. The clone in which the 5' end of this arm of 
homology is juxtaposed to the T3 promoter was called 
pAPP5'homol-17, while the clone in which the 5' end of 
this arm of homology is adjacent to the T7 promoter was 

10 called pAPP5'homol-ll (Fig. 8) . 

Restriction Mapp ing of Arms of Homolocrv 

Further restriction enzyme mapping was performed 
on the 3' arm of homology. Plasmids pAPP3'homol-4 and 
pAPP3'homol-7 were digested with BamHI, and the resulting 

15 fragments were resolved on an agarose gel, stained with 
ethidium bromide and visualized. Since a BamHI site is 
in the pBlueScript* SK+ plasmid, in the multiple cloning 
site, near the T3 promoter, it was possible to determine 
the position of the BamHI site in the 5,6 kb APP fragment 

20 by determining the fragment sizes in each of the two 
digested samples (Fig* 9) . 

Positions of restriction sites that occurred once 
or twice in the 5,6 kb APP fragment were determined by 
the above method. If more than two sites of a given 

25 enzyme were present it became necessary to determine the 
relative positions by double-digesting each of the two 
plasmids with the enzyme in question as well as an 
additional enzyme which cut at sites capable of resolving 
ambiguities. The list of additional enzymes used to 

30 characterize this region includes: AccI, Apal, B€unHI, 
BstXI, Clair EagI, EcoRV, Hindi, Hpal, Kpnl, Nsil, 
PstI, Sad, Sail, Smal, Spel, and Xhol. A summary of 
these data is in Fig. 10. The same procedures were used 
to create a restriction enzyme map for the 5' arm. (Fig. 

35 10), 
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Fragment from 3^ Arm of Homoloav 

For the PGR mutagenesis strategy described below, 
a fragment of the 3' arm was isolated. One of 
pAPP3'homol-4 was digested with BamHI to generate two 
5 fragments: a plasmid backbone carrying the first 3.0 kb 
of the 3' arm of homology and a 2.6 kb fragment 
representing the 3' half of the 3' arm of homology. Both 
fragments were isolated by gel electrophoresis. The 2.6 
kb fragment was stored for later use. The 6-0 kb fragment 

10 that contained plasmid backbone attached to 3.0 kb of the 
arm of homology was re-ligated upon itself in order to 
generate a plasmid carrying the first 3.0 kb of the 3' 
arm. This plasmid was called pAPP3'homolAB (Fig. 11). 
Mutagenesis of 3^ Arm of HomolQcrv 

15 A total of 6 base pair changes were introduced 

into exon 16, using a 2-step PGR strategy (see, Fig. 12). 
In the first step, the K670N/M671L mutation, an Xbal 
site, and the first base pair change of the humanizing 
mutations were introduced. This was accomplished by 

20 first linearizing pAPP3'homolAB using the enzyme Naei. 
Ten ng of the linearized DNA was then included in each of 
two PGR reactions. The first reaction contained the 
primers ST58 (SEQ ID NO: 13) and T7 (Stratagene, La Jolla, 
CA) . This generated a 1.4 kb band that encompassed the 

25 5' end of the 3' arm of homology to the 5' junction of 
exon 16. This fragment also included the K670N/M671L 
nutation and a novel Xbal site that resulted as part of 
the K670N/M671L change. 

The second PGR reaction used the primers ST59 (SEQ 

30 ID NO: 14) and T3 (Stratagene, La Jolla, CA) . This 

generated a 1.6 kb fragment that encompassed all of exon 
16 to the BamHI site located in the middle of the 3' arm 
of homology. This fragment also included the K670N/M671L 
mutation and Xbal site, as well as the first base pair 

35 change necessary to humanize A^ (Fig. 13) . 



wo 96/34097 



PCT/US96/05824 



- 36 



10 



15 



The product of the first reaction was purified 
using Magic" PCR Preps DNA Purification System (Pronega, 
Madison, WI) and digested with Hindlll and Xbal in order 
to liberate the restriction sites at its ends. Similarly 
the product of the second reaction was purified and 
digested with Xbal and BanUl. 

These two fragments, as well as Hindlll and BanHI 
digested pGEM-42 (Promega Corp., Madison, WI) , were 
ligated and transfected into HBlOl competent coli 
cells. DNA from the transf ormants was isolated and 
analyzed. A recombinant plasmid in which the two PCR 
fragments had joined at their Xbal sites and inserted 
into the BamHI and Hindlll sites of pGEM"-4Z was 
designated pAPP3'homolAB-NL (Fig. 13). 

Using a similar strategy, a final PCR step to 
introduce the remaining mutations into exon 16 was 
employed, in order to convert it to the human sequence. 
Plasmid pAPP3'homolAB-NL was linearized with Narl. The 
linearized DNA was amplified by PCR, using primers ST61 
(SEQ ID NO: 15) and Sp6 (Promega, Madison, WI). The 1.6 
kb purified DMA fragment was digested with Xbal and BamHI 
and ligated to the 4.4 kb Xbal, BamHi-digested 
p3'homoADB-Nl. DNA fragment which had been isolated by gel 
electrophoresis. The resulting plasmid was designated 
25 pAPP3'homolAB-NLh (Fig. 14). 

To confirm the sequence of the mutagenized exon 
16, direct nucleotide sequencing was performed, using the 
primers ST47(SEQ ID NO: 3); which hybridizes to the 5' end 
of exon 16 and ST62(SEQ ID NO: 16), which hybridizes to 
30 the intron region immediately 2' to exon 16. The 2.6 Xb 
BamHI fragment, which was the 3' half of the 3' arm of 
homology, and which had been stored, was introduced back 
into the mutagenized half of the arm of homology. For 
this, plasmid pAPP3 'homolAB-NLh was linearized with BamHI 
35 and the previously purified 2.6 kb BamHI fragment was 
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ligated to it. The 2,6 3cb BamHI fragment could insert 
into the plasmid in either of two orientations. Proper 
orientation was determined by AccI digestion. The 
correctly oriented BamHI fragment yields a 3,8 ]cb 
5 fragment while the incorrect orientation yields a 4.6 kb 
fragment (Fig. 15) . The proper recombinant plasmid was 
designated p4 Z3 'homolNL-h . 

In order to introduce the necessary restriction 
sites at either end of the mutagenized arm of homology, 

10 the arm was next "shuttled" into the vector pBlueScript^ 
SK+. The plasmid p4Z3'homolNL-h was digested with 
Hindlll, the resulting 5.6 kb band was isolated by gel 
electrophoresis and cloned into the Hindlll site of 
pBlueScript SK+. The orientation of the insert was 

15 determined by double digesting plasmid DNA with the 

enzymes Acci and Sad. A recombinant plasmid was chosen 
in which the 5' end was adjacent to the T7 promoter. 
This plasmid is designated pSK3 'homolNL-h (Fig. 16). 
Assembling Targeting Vector dAPP-TV 

20 The plasmid pPNTlox^ was prepared to receive the 

3' arm of homology by digestion with EcoRI and then 
filling in the 4 base overhang using Klenow polymerase. 
Following further digestion with Kpnl, the plasmid was 
isolated by gel electrophoresis. The 3' arm of homology 

25 was prepared as a 5.6 kb EcoRV, Kpnl fragment (also 
Isolated by gel electrophoresis) and cloned into the 
purified and digested pPNTlox^ DNA. The resulting 
plasmid was designated pPNT3'homol (Fig. 17). 

The 5' arm of homology was inserted into 

30 pPNT3'homol to give the final plasmid pAPP TV (Fig. 18). 
The 5' arm of homology was liberated by digesting plasmid 
DNA with Xhol, followed by filling-in the overhang with 
Klenow polymerase and then digesting with Notl. Plasmid 
pPNT3'homol was prepared by double digesting with Notl 
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and Hpal. The two DNA fragments were ligated and 
transfected into competent WMllOO B. coli cells. 



EXam Pi^*^ ^ " Mut aaenealB of Mouse APP Gene In ES cellB 
The Rl line of ES cells derived from pigmented 
5 129/Sv X 129/Sv-CP Fl hybrid mice (Nagy, et al., Proc. 
Natl- Acad. Sci. USA 90: 8424-8428 (1993)), was obtained 
from Dr. Janet Rossant, Dr. Andras Nagy, Reka Nagy, and 
Dr. Wanda Abramow-Newerly (Mt. Sinai Hospital, Toronto, 
Ontario, Canada) . The cells were grown in ES cell medium 
10 consisting of Dulbecco's Modification of Eagle's Medium 
(with L-glutamine and 4.5 g/L glucose; Mediatech, 
Hemdon, VA) supplemented with 20% fetal bovine serum 
("FBS"; Hyclone Laboratories, Logan, Utah; cat. # A-1115; 
jjot # 11152154), 0.1 mM non-essential amino acids 
15 (Mediatech 25-025-Ll) , 2 mM L-glutamine (Mediatech 

25-005-Ll) , 10"^ M mer cap toe than© 1 (Gibco 21985-023) 1 mM 
sodium pyruvate (Mediatech 25-000-Ll) , ix concentration 
of a penicillin (5000 lU/ml) streptomycin (5000 mcg/ml) 
solution (Mediatech 30-OOl-Ll) and 1000 U/ml of leukemia 
20 Inhibitory factor (Gibco BRL 13275-029) . The cells were 
grown on tissue culture plastic plates that had been 
treated with a solution of 0.1% gelatin (Sigma G9391) 
(gelatinized plates) . 

The cultures were grown in 100 x 15 mm plastic 
25 petri plates and were passaged every 48 hours, or when 
the cells became about 80% confluent. For passage, the 
cells were washed with phosphate buffered saline (without 
Ca^^ and Mg^*) ("PBS") and then treated with a 
trypsin/EDTA solution (.05% trypsin, 0.02% EDTA in PBS). 
30 After all of the cells were in suspension, the trypsin 
digestion was stopped by the addition of ES cell medium. 
The cells were collected by centrifugation and 
resuspended in 5 ml of ES cell medium. A 1 ml aliquot of 
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the cell suspension was used to start a new plate of the 
same size* 

Transfection o f ES Cell^ 

Plasinld DNA (400 /ig) from pAPP-TV was prepared for 
5 electroporation by digesting It with Not I in a l ml 
reaction volume. The DNA was then precipitated with 
ethanol, washed with 70% ethanol, and resuspended in 500 
Ml of sterile water. 

The Notl-linearlzed pAPP-TV DNA was electr operated 
10 into ES cells using a Bio-Rad Gene Pulser System 

(Blo-Rad, Hercules, CA) . In each of lo electroporation 
cuvettes, 40 Mg of DNA was electroporated into 2.5 x 10^ 
cells suspended in ES cell medium. The electroporation 
conditions used (250V and 500 /xF) typically result in 
15 time constants ranging from 6.0 to 6.1 seconds. After 
electroporation, the cells were incubated for 20 minutes 
at room temperature in the electroporation cuvettes. 
The electroporated cells were then pooled and 
distributed equally onto 10 gelatinized plates. After 24 
20 hours, the medium was aspirated and fresh ES cell medium 
was added. The next day, the mediiam in nine plates was 
replaced with ES cell medium supplemented with 150 ^g/mL 
of G418 (Gibco) and 0.2 /iM ganciclovir (Syntex, Palo 
Alto, CA) while one plate received medium supplemented 
25 only with 150 Mg/mL of G418. After an additional 8 days 
of incubation, individual ES cell colonies were picked 
off the plates and separately expanded in a well of 24 
well plates as described by Wurst et al. (Gene T^rgBting 
Vol. 126 (Joyner, ed.), IRL Press, Oxford Univ. Press, 
30 pp. 33-61 (1993)). Comparison of the number of colonies 
that grew on the plates supplemented with G418 and 
ganciclovir versus the number that grew with only G418 
supplementation was used to determine the efficiency of 
negative selection. 
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ftnnlYfffP Uransformants 

When the cell culture in each well of the 24-well 
plates became approximately 80% confluent, it was washed 
and the cells were dispersed with two drops of 

5 trypsin-EDTA. Trypsinization was stopped by the addition 
of 1 ml of ES cell medium. An aliquot (0.5 ml) of this 
suspension was transferred to each of two wells of 
separate 24-well plates. After the cells had grown to 
near confluence, one of the plates was used for 

10 cryopreservation of the cell line while the other was 
used as a source of DMA for each of the cloned cell 
lines. 

ror cryopreservation, the cells in a 24-well plate 
were chilled by placing the plate on ice. The medium was 
15 replaced with fresh ES cell medium supplemented with 10% 
DMSO and 25% FBS, and the plate was cooled at 
approximately O.S'C per minute, by insulating the plate 
in a styrofoam box and placing it in a -70«C freezer. 

TO isolate the DNA from the clones on the other 
20 plate, the medium in each well was replaced with 500 nl 
of digestion buffer (100 mM Tris-HCl, pH8.5, 5 mM EDTA, 
0.2% SDS, 200 mM NaCl, 100 ng/jal proteinase K) . After 
overnight incubation at 37»C, 500 nl of isopropanol was 
added to each well and the plate was agitated for 15 
25 minutes on an orbital shaker. The supernatant fluid was 
aspirated and replaced with 500 nl of 70% ethanol and 
the plate was shaken for an additional 15 minutes. The 
DNA precipitate was collected from the well and dissolved 
in 50 itl of TE solution (10 mM Tris-HCl pH 7.5, i mM 
30 EDTA). 

The primary analysis for mutagenesis of the mouse 
APP gene involved a Southern hybridization screen of Xbal 
digested ES cell DNA. The 600 bp probe for this analysis 
was isolated from XAPP26 DNA digested with Hindlll (Fig. 
19) . For the Southern hybridization screen, an aliquot 
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(10 ^1) Of each £S cell line DNA was digested with Apal, 
resolved on an 0,6% agarose gel, and transferred to a 
GeneScreen* membrane. The probe was labelled with ^^P- 
dCTP by random priming and hybridized overnight to the 
5 membrane at 58 *C (Church et al., Proc. Natl. Acad. 5ci. 
USA 81:1991-1995 (1984)). An ES cell line in which the 
APP gene has undergone the desired homologous 
recombination yields a 9.8 kb and 5.5 kb fragment in this 
assay (Fig. 19) . This because homologous recombination 

10 introduces a novel Xbal site into the region where the 
neo' cassette is incorporated. The 9.8 kb band results 
from the normal cellular copy of APP, while the 5.5 kb 
band results from the APP copy in which the novel Xball 
site produces a shorter fragment. In this screen 22 cell 

15 lines (out of 248) were identified as potentially 
containing successfully targeted genes. 

All of the cell lines scored as putative 
homologous recombinants by the primary screen were then 
further screened using a 300 bp probe isolated by first 

20 recovering a 3.2 kb EcoRI-*Sall fragment from lAPP 32 

(Fig. 2) and then further isolating the 300 bp probe from 
an EcoRV digest of the EcoRI-Sall fragment. This probe 
was hybridized to Apal digested ES cell DNA. In this 
case, the normal APP gene yielded a 17 kb Apal fragment 

25 and the mutant APP gene an 8 kb fragment (Fig. 19). Of 
the 22 cell lines examined in this screen, nine were 
shown to have undergone homologous recombination at the 
3' end. 

Cell lines that were identified as having 
30 undergone homologous recombination by both screens were 
considered to have undergone bona fide homologous 
recombination. Depending on where the crossover occurs 
in the 3' arm of homology, the mutations, may or may not 
incorporate into the gene (Fig. 1) • We therefore 
35 carried out Southern hybridizations to detect the novel 



wo 96/34097 



PCTaJS96/05824 



- 42 - 

Xbal site associated with the K670N/M671L mutation. For 
this, we used a 1.0 kb EcoRI-PstI fragment from 
p3'homolAB (Fig. 10) to probe Xbal digested DNA. An 
unaltered APP gene yields an 9.8 kb band. An APP gene in 
5 which homologous recombination has taken place, but in 
which the planned mutations were not incorporated, yields 
a 3.7 kb band, while the inclusion of the desired 
mutations results in a 2 . 0 kb band . Of the nine bona 
fide homologous recombinant cell lines examined, four had 

10 incorporated the novel Xbal site. 

DNA sequence analysis confirmed that the four cell 
lines with the novel Xbal site had each of the desired 
mutations. The DNA primers ST47 and ST62 were used to 
PGR amplify exon 16 from the mutant cell lines. The PGR 

15 products were purified using Magic* PGR Preps DNA 

Purification System (Promega, Madison, WI) and cloned 
into pGEM^T (Promega, Madison, WI) according to the 
vendor's instructions. Theoretically, one half of the 
clones produced by this method will contain a 

20 PCR-amplif ied fragment from the non-mutagenized copy of 
exon 16. Clones carrying a mutagenized exon 16 were 
identified by the presence of an Xbal site in the cloned 
insert. DNA sequence analysis was then carried out using 
T7 and Sp6 primers (Promega, Madison, WI) and Sequenase 

25 Version 2.0 DNA Sequencing Kit (United States 

Biochemical, Cleveland, OH). All four cell lines (73, 
89, 139, and 148) which carried the exon 16 Xbal site had 
all of the desired mutations. 

The mutagenized APP gene described here was 

30 designated APP"^^ (wild-type APP gene is APP^) . The four 
ES cell lines bearing one copy of APP'^^ were designated 
APP73, APP89, APP139, and APP148. Three of these lines 
were thawed, propagated, and used to produce chimeric 
mice. 
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APP mutant £S cells were used to make chimeric 
Bice by aggregating the mutant £S cells to E2.5 embryos 
and transferring the aggregated embryos to 
5 pseudopregnant females (Wood, et al.. Nature 365:87-*89 
(1993)). ES cells were prepared for aggregation by 
limited trypsinization to produce clumps that average 
10-*15 cells. £2.5 embryos were collected from 
superovulated CD-I female mice by oviduct flushing, as 

10 described by Hogan et al. (Manipulating the Mouse Embryo: 
A Laboratory Memual, Cold Spring Harbor Laboratory, Cold 
Spring Harbor, New York (1986)). The zona pellucida was 
removed from the embryos using acidic Tyrode's solution 
(Sigma Chemical Co., St. Louis, MO). Aggregation wells 

15 were created by pressing a blunt metal instrument (a 
darning needle) into tissue culture plastic. Embryos 
were then placed in a well with a clump of approximately 
10-15 ES cells in a small drop (approximately 20 ^1) of 
M16 medium (Sigma Chem. Co., St. Louis, MO) under mineral 

20 oil. After an overnight incubation (37*C, 100% humidity, 
5% CO2 in air) , the aggregate embryos were transferred to 
the uterine horns of a pseudopregnant female. 
Contribution of the ES cells to the offspring was scored 
by the appearance of pigmented coat color. Pigmented 

25 mice are termed chimeric founders. Germline contribution 
by the ES cells was scored by the appearance of pigmented 
offspring from a cross between the chimeric founders and 
C0*1 females. 

Of three mutant APP ES cell lines used in eiabryo 

30 aggregations, one gave two germline chimeras (Table 1) • 
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TABLE 1 



Call Lina 
No. 


Number of 

EBbryo 

Aggragation 


Kumbar of 
Pups Born 


Kumbar of 

Chlmaric 

Foundars 


Number of 

Garmlina 

Chimeras 


APP73 


143 


12 


2 


0 


APP139 


79 


15 


8 


2 


APP148 


140 


19 


8 


0 



The germline chimeras were used to establish 
lines of mice carrying APP"^^. The presence of the 
mutant APP allele in the pigmented offspring was 

10 determined by Southern analysis (as described above) with 
genomic DHA prepared from a tail sample. Mice 
heterozygous for APP***"^ (APP"**"*/ APP*) have 8.8 kb and 2.0 
kb Xbal fragments that hybridize with the 1.0 kb 
EcoRI-PstI probe. Mice homozygous for the mutant APP 

15 allele (APP'^**/APP'^^^) were established by crossing two 
heterozygous mutant APP mice and were identified as 
having only a 2.0 kb Xbal genomic DNA fragment that 
hybridized with the 1,0 kb EcoRI-PstI probe. 

gvample 5 - Exc ision of the neo cassette 

20 To remove the neo gene from intron 15 of the APP- 

targeted ES cells, 10 /ig of circular pBSl85 plasmid DNA 
(Sauer et al- New Biol. 2:441-449 (1990)) encoding the 
Cre recombinase was electroporated into the APP139 ES 
cell line using conditions described in example 3 except 

25 that only 700 ES cells were in the electroporation 

cuvette. After 20 minutes recovery at room temperature 
all of these cells were plated onto a gelatinized plate 
and grown in ES cell medium in the absence of G418 
selection. Medium was changed every 48 hours. After 8 

30 days, individual colonies were picked into 24 well plates 
and expanded. DNA was prepared from the expanded cell 
lines as described (Wurst et al., Gene Targeting, 
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(Joyner, ed.), Oxford Univ. Press, Oxford, England, pp. 
33-61 (1993)). Loss of the PGK/neo gene was detected by 
Southern hybridization using the 300 bp EcoRi-EcoRl 
fragment from p3'hoinolAB to probe Xbal digested DNA (see 
5 Fig. 10). An unaltered APP gene yields a 9.8 Icb band, an 
altered APP gene in which the APP mutations and the neo' 
gene are incorporated yields a 2.0 Jcb band, and an APP 
gene in which the neo*^ gene has been excised, but the APP 
mutations remain incorporated, yields a 7 Jcb band. A 

10 total of 149 clones were screened, and 5 excision clones 
(neo~) were identified. 

A chimeric founder mouse produced by embryo 
aggregation with one of these neo" clones (APP139-34) 
exhibited germline transmission of the mutant APP allele 

15 (termed APP*"*) . From this founder, heterozygous 

(APP'^^'/APP*) and homozygous (APpNi^/APP"^) lines for the 
neo" APP mutant allele were established. 

Example $ - BXPreSSion of Humanlzeti APP in Turaetad B.<? 
SsllS. To determine if APP-targeted ES cell lines 

20 express full length APP containing the humanizing 

mutations in the A^ domain, Immunoblot analysis was done. 

ES cell lines 139, 89, and 73, along with the parental 
Rl ES cell line, were individually cultured in ES cell 
medium. After cells reached 80% confluence, the medium 
25 was changed to ES cell medium lacking serum and the cells 
were luiintained at 37»C for 4 hours. Medium was 
collected and the proteins were concentrated by 
precipitation with 10% trichloroacetic acid (TCA) , 
resuspended in ix SDS sample buffer (Laemmli, Nature 
30 227:680-685 (1970)) and boiled for 5 minutes. Samples 
were electrophoresed on 6% SDS-polyacrylamide gels and 
•lectroblotted onto nitrocellulose (Towbin et al., Proc. 
Jfatl. Acad, sci DSA 76:4350 (1979)). Filters were 
blocked with 5% nonfat evaporated milk in Trls-buffered 
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saline (TBS) (150 mM NaCl, 20 mM Tris-HCl, pH 7.4), 
followed by incubation with either antibody 6E10 (Kim et 
al., Neurofici. Rbs. Commun. 7:113-122 (1990) ) (1:2000) or 
antibody 22C11 (Weidemann et al.. Cell 57:115-126 (1989)) 
5 (1:300). Antibody 6E10 (Pig. 20) was raised against 
residues 1 to 17 of the human Afi peptide and has been 
shown to recognize human, but not rodent APP (Buxbaum et 
al., Biochem. Biophys. Res. Comnun. 197:639-645 (1993)). 
Antibody 22C11 (Fig. 20) was raised against a peptide 
10 consisting of residues 60 to 100 of APP and recognizes 
human and rodent APP equally. Filters were incubated 
with goat anti-mouse IgG conjugated to horseradish 
peroxidase (1:2000) (BioRad) , followed by detection with 
enhanced chemi luminescence (ECL, Amersham) . 
15 The immunoblot results (Fig. 21) show that 

parental Rl cells synthesize an APP species that reacts 
with antibody 22C11 but not the human-specific 6E10 
antibody. In contrast, the APP-targeted ES cell lines 
139, 89 and 73 express and secrete an APP species that is 
20 recUnized by antibody 6E10. This indicates that these 
cell lines express an APP protein containing the 
humanizing mutations present within the first 17 amino 
acids of the A^ domain. 

TiTfmn ff?'* - Exp r i»««iQn of Humanized ftPP In Mouse Bro t n 
25 Heterozygous APP-targeted mice (APP^^'/APP*) 

derived from ES cell line 139 were used to test for the 
expression of the humanized APP in their brain cells. A 
heterozygous (APP^^'/APP*) APP-targeted mouse and a 
littermate control mouse (APP+/APP+) were sacrificed at 2 
30 months of age, and their brains were removed. Neocortex 
(ctx) , hippocampus (hp) , and cerebellum (Cb) were 
dissected from each fresh brain and subsequently frozen 
on dry ice. Approximately 50 mg of each tissue and -50 
mg normal human frontal cortex, were each sonicated in 
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0.2 ml of 150 inM NaCl, 50 mM Tris-HCl (pH 8), 1% Triton 
X-100, 0.2 mM PMSF (phenylmethyl-sulfonylf luoride; Sigma, 
St. Louis, MO) using a microtip. Extracts were then 
centrifuged at 14,000 x g, for 15 minutes, to remove 
5 insoluble material. Supernatant fluids were removed and 
saved, and the protein concentration of each S£uaple was 
determined. To prepare samples for electrophoresis, 200 
Mg of each extract were precipitated in 4 volumes of 
ice-cold methanol and resuspended to 2.5 per /il in Ix 

10 Laemmli SDS sample buffer and boiled for 5 minutes. 
Samples were electrophoresed on 6% SDS-polyacrylamide 
gels and transferred to nitrocellulose by 
electroblotting. Filters were incubated with either 
antibody 6E10 (1:2000), or antibody 22C11 followed by 

15 goat anti-mouse IgG (BioRad) conjugated to horseradish 
peroxidase (1:2000) and bands were visualized by ECL 
(Amershaun) • 

Immunoreactive species that co-migrate with the 
APP signal from human brain tissue were detected in 

20 extracts from neocortex (ctx) , hippoceuspus (hp) , and 

cerebellum (Cb) from the heterozygous APP'^^/APP'*' mouse. 
As expected, no signal was detected in the control 
APP+/APP+ brain samples (Fig. 22A) . Immunoblot analysis 
of the same samples with antibodies 22C11 (Figs. 20 and 

25 22B} that recognize both mouse and human APP showed no 
significant (qualitative or quantitative differences in 
APP immiinoreactivity between the APP+/APP+ and 
APP**^/APP"^ mouse brains. These results indicate that 
APP with a humanized A^ domain is being produced in the 

30 teurgeted mice. 

gg Hmaaniggd APP in Mgugg Brain 

We predicted that the FADK670n/k671l mutations would 
result in enhanced expression of the human Ap peptide. 
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To assess the effect of the FADk670n/m671l mutations on APP 
processing in the mouse brain, accumulation of the 12 kD 
C-terainal fragment produced after cleavage at the 
^-secretase site was measured in control (APP+/APP+) and 
s heterozygous (APP'^^/APP^) mouse brain tissues. Brain 
homogenates were initially immunoprecipitated with 
antibody 97 (Fig, 20) , specific for the last 30 amino 
acids of human and mouse APP, to concentrate all APP 
fragments bearing C-terminal epitopes. 

10 0ne**half brain («-0.2 g) from each of a normal 

littermate control and a heterozygous targeted mouse were 
separately homogenized in 3 ml of buffer B (20 mM 
Tris-HCl (pH 7.4), 2 mM E6TA, 1 mM EDTA, 1 mM benzamidine 
(Sigma), 1 mM DTT, and 1 mM PMSF) . Extracts were 

15 centrifuged at 100,000 x g for 1 hour to fractionate the 
membrane and soluble fractions. Pellets, consisting of 
the membrane fraction, were washed in 3 ml of buffer B 
and re-centrlfuged at 100,000 x g. Resulting pellets 
were then sonicated in 3 ml of ix RIPA buffer (50 mM 

20 Tris-HCl, pH 8.0, 150 mM NaCl, 1% Triton X-lOO, 0.1% SDS, 
2 mM EDTA, 0.5% deoxycholate, l mM benzamidine, 0.05 mM 
leupeptin (Sigma), 0.02 mM pepstatin A (Sigma). The 
sonicated extracts were centrifuged at 100,000 x g for 1 
hour. Supernatant fluids were cleared prior to 

25 immunoprecipitation by incubating them for 1 hour with 2 
Ml of normal rabbit serum and 50 /il pansorbin 
(CalBiochem) • After centrifugation at 3500 rpm for 10 
minutes, 10 m1 of rabbit antibody 97 and 30 /il of 
pansorbin were added to each supernatant fluid. The 

30 szunples were incubated overnight at 4*C. Rabbit antibody 
97, specific to the last 30 amino acids of APP conserved 
between human and rodent APP, was used to 
immunoprecipitate membrane-*bound forms of APP. 
Immtinoprecipitates were then obtained by centrifugation 

35 at 3500 rpm for 10 minutes. Pellets were resuspended in 
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high salt ix RIPA (Ix RIPA containing 350 mM NaCl) and 
centrifuged at 8500 rpm for 5 minutes* After 2 
additional washes of the pellet in high salt ix RIPA, the 
pellets were washed in ix TBS and resuspended in ix 
5 Laexniali SDS sample buffer. Samples were heated in 

boiling water for 5 minutes and then electrophoresed on 
16% Tris-tricine polyacrylamide gels (Novex) to resolve 
carboxyl-terminal 9 kD and 12 kD fragments of APP, The 
proteins in the gels were then transferred to PVDF 

10 membranes by electroblotting and analyzed using either 
antibody 6E10 (Fig. 23A) or 4G8 (anti-A/9 17-24); (Fig. 
23B) Wiesniewski et al.. Acta Neuropathol. 78:22 (1989). 

The 12 kD fragment in APP^**/APP* brain 
homogenates is detected by antibody 6E10, which is 

15 specific for an epitope unique to the human A^ peptide 
(epitope = human A^ peptide residues 1-17) . This 
confirmed that the mouse ^-secretase recognized and 
cleaved the humanized APP. The 12 kD fragment was not 
detected in the control brain homogenates, because 6E10 

20 is human-specific. 

For a more direct measure on the efficiency of 
^-secretase cleavage between native and mutagenized APP, 
the immunoblots were reacted with antibody 4G8 (epitope « 
Aj? residues 17-24) which recognizes the 12 )cD C-terminal 

25 fragment from both hximan and mouse APP, as well as the 
nonamyloidogenic 9 kD fragment produced after cleavage at 
the a-secretase site. A comparison of the l2kD to 9kD 
ratios is useful as a relative measure of APP processing 
through the amyloidogenic and nonamyloidogenic pathways. 

30 As shown in Fig. 23B, there was a significant increase in 
the 12 kD to 9 kD ratio in the APP'^^/APP* versus control 
brain homogenates. This indicated that the presence of 
the FADK670N/M671L mutations (and possibly the humanizing 
A^ mutations) significantly enhanced cleavage at the 

35 /9-secretase site in the mouse brain. Thus, there was an 
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increased amount of 12 kO peptide comprising the human 
peptide in the brain tissues of the mice of this 
invention as a result of the cleavage of APP at amino 
acid 672 (resulting from the action of the /3 secretase 
5 enzyme) • 

In addition to confirming that the 12 kO peptide 
comprising the human peptide is present in brain 
tissues of mice homozygous for the targeted APP gene, ve 
have determined that the 4 kO hvuaan Aj9 peptide is also 

10 present in brain tissues of the mice heterozygous for the 
targeted APP gene. On the basis of gene dosage effects, 
in general, and on the basis of APP measurements 
performed on our APP gene-targeted mice, in particular, 
the mice homozygous for the targeted APP gene produce, in 

15 their brains, approximately twice as much human A^ 
peptide as do the mice that are heterozygous for the 
targeted APP gene (see Example 9, infra), 

Example 9 - Detection of Human AB in 
the APP Gene-Taraeted Mouse Brain 

20 We have examined whether enhanced cleavage at the 

fi-secretase site was associated with an increase in human 
AB accumulation in the APP gene-targeted mouse brain. An 
immunoprecipitation and immunoblotting method was 
employed using two distinct AB-specific antibodies. One- 

25 half mouse brain (0.25g) or normal human frontal cortex 
(70 year-old male) was homogenized in 3 ml 6M guanidine, 
50 mM Tris, pH 7.5 and subsequently centrifuged at 
100,000 X g for 1 ho\ir« The supernatants were dialyzed 
against two changes of PBS containing 1 mM benzzuaidine, l 

30 mH pepstatin A, 1 /iM leupeptin, 1 £64, and 100 fM PMSF 
(all protease Inhibitors from Sigma Chemical Co., St. 
Louis, MO) overnight at 4*C. Dialysates were 
Immunoprecipitated with 20 m1 of antibody 1153 (anti-AB 
17-40) (Siman et al. in Research Advances in Alzheimer's 
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Disease and Related Disorders, (Igbal et al., ed6«)# 
Wiley and Sons, Chichester, England, pp. 675-684 (1995)}. 
iBODunopreclpitatas were eluted in SDS-Tricine gel loading 
buffer (50 nM Trls/HCl, pH 6.8, 4% SOS, 12% glycerol, 2% 
B-mercaptoethanol) at 90«C, resolved by electrophoresis 
on 16% Tris-Tricine SDS-polyacrylamide gels and proteins 
were transferred to PVDF nembrane (Stratagene Cloning 
Systems) • Immunoreactive bands were detected using 
1:2000 antibody 6E10, followed by goat anti-mouse IgG 
conjugated to horseradish peroxidase and ECL. 

A 4lcD polypeptide that co-migrated with synthetic 
human AB was detected in the brains of APP^^/APP***, 
l^pnMLh/^^pnHLh^ APP^'^^^/APP* and f^P^/APV^^ mice (Figs. 
24A and 24B) • Due to the selectivity of Ab 6E10 for 
hvunan A6, no immunoreactivity was found in the wild-type 
APP'''/APP'** mouse brain. Levels of immunoreactivity in the 
APP gene-targeted brains also corresponded directly with 
gene dosage, providing further evidence on the identity 
of the Immvinoreactive species as human AB. The 
calculated levels of human AB in brains from the various 
genotypes of the APP gene-targeted mice appear in Fig. 
24C. An increase of approximately 50% in human AB is 
correlated with excision of the neo selectable marker in 
mice that are heterozygous (APP'^^/APP'*' and APP^^/APP*) 
or homozygous (app'^^/APP'^^ and APP^^/APP^*') for the 
mutant APP allele. This is likely to be caused by more 
efficient transcriptional readthrough at the targeted 
locus due to removal of the neo*^ gene cassette with its 
RNA processing signals. In the APP^/APP^^ mouse brain, 
htiman AB levels were approximately 9-fold greater than 
those found in normal aged human brain. 

Example 10 - Cloning of Mouse SQD-1 

The mouse SOD-1 genomic DNA was cloned from a 
phage library created from 129/Sv mouse DNA partially 
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digested with Sau3A and inserted into the BamHl site of 
Lambda DASH*II (Reaume et al.. Science, in press, 1995). 
Using standard aolecular biology techniques (Maniatis et 
al.f Holeqular Cloning; A Laborato ry Manual . Cold Spring 
5 Harbor Laboratory, Cold Spring Harbor, New York, 1982) 
approximately 1.2 x 10^ recombinant bacteriophages were 
screened for the presence of SOD-l sequences by 
hybridization with a 900 base pair (bp) , radiolabelled 
SOD-1 intron-specific DNA probe. This 900 bp probe was 

10 generated by polymerase chain reaction (PCR) 
amplification (Mullis and Faloona, Methods in 
Enzymolology 155:335-350 (1987)) of mouse genomic DNA 
using primers EHIOO and EHlOl, which hybridize to each 
end of the SOD-1 intron 4 (Fig. 25B) . Primer EHIOO had 

15 the following sequence: 5' ACCGGAATTC CATATAAGGA TATATACA 
3' (SEQ ID NO:17). Primer EHlOl had the following 
sequence: 5' TAGCGAATTC AGGTTTGAAT GATCAAGT 3' (SEQ ID 
NO: 18). The approximate placement of the 5 SOD-1 exons 
is shown in Fig. 25B, as based on data from Bendetto et 

20 al. (Gene, 99:191-195 (1991)), and marked above the map 
with bold numbers. The corresponding introns are 
numbered below the map in bold italics. 

The amplified fragment was separated from the 
other components of the reaction by electrophoresis on a 

25 1.0% agarose gel, and purified using GeneClean*II (Bio 
101, Inc., La Jolla, CA) • Purified probe DNA was 
radioactively labelled with ^^P-dCTP by the random primer 
method using materials and methods supplied by the kit 
manufacturer (Multiprime DNA Labeling System; Amersham 

30 Life Sciences, Arlington Heights, IL) . 

From this screen, 9 clones were identified which 
hybridized to the SOD-1 intron probe: AS0D12, XSOD72, 
XSOD20I, AS0D18, XSOD69, ASOD20G, AS0D47, ASOD67, and 
XSOD65 (Fig. 25A) . These clones were purified by 
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limiting dilution and plaque hybridization with the SOD-1 
intron 4 probe (Maniatis et al., 1982, supra). 

For each clone, DNA was prepared from 
bacteriophage particles first purified on a CsCl gradient 
(Maniatis et al., 1982, supra). Restriction maps were 
then generated for each of the cloned inserts using the 
FZASH* Nonradioactive Gene Mapping Kit (Stratagene* Inc«, 
La Jolla, CA) , as summarized in Fig. 26. This method of 
restriction enzyme mapping involves first completely 
digesting 10 fig of the phage DNA with the restriction 
enzyme NotI using standard restriction enzyme digest 
conditions (Maniatis et al., 1982, supra). NotI cuts 
all clones in the vector DNA at either end of the cloned 
insert, leaving a T3 bacteriophage promoter attached to 
one end of the insert and a T7 bacteriophage promoter 
attached to the other end. The NotI digested DNA was 
then partially digested with the enzyme EcdRl, as an 
example, using limiting amounts of enzyme (0.2 units //xg 
DNA), in an 84 fil reaction voltime at 37 •C. Aliquots (26 
fil) were removed after 3 minutes, 12 minutes, and 40 
minutes and the digest reaction was stopped by the 
addition of 1 /tl of 0.5 M EDTA. DNA from all three time 
points was resolved on a 0.7% agarose gel, visualized by 
ethidixim bromide staining, and then transferred to a 
GeneScreen Plus* membrane (NEN* Research Products, Boston, 
MA) by capillary transfer (Maniatis et al., 1982, supra). 
The membrane was hybridized with 2m alkaline phosphatase 
labelled oligonucleotide that was specific for the T3 
promoter (supplied with the FLASH* kit) using reagents 
and methods supplied by the kit manuf actxirer* After 
hybridization, the membrane was washed and developed with 
a chemiliiminescent-yielding substrate and then exposed to 
X-ray film in the dark for approximately 60 minutes. 

The oligonucleotide probes effectively label one 
end of the insert. By determining the positions of the 
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bands on the X-ray film and calculating the DMA size to 
which they correspond, it was possible to determine the 
position o£ the ^coRI sites relative to the T3 end of the 
insert. These results were then complemented by 
5 stripping the probe off of the membrane, and 

rehybridizing with a T7-specific oligonucleotide in order 
tHetermine the positions of the EcoKI sites relative to 
the T7 end of the insert. This process was repeated 
using the enzymes ifljidlll and Xpni. 
10 The results of restriction mapping of the 9 

different SOD genomic clones using the FLASH* 
Nonradioactive Gene Mapping Kit (Stratagene. Inc., La 
jclla, CA) are depicted in Fig. 25A. Some clones were 
isolated multiple times and therefore have more than one 
15 name. By comparing the restriction enzyme maps of the 
different overlapping clones, a composite map was 
assembled (Fig. 25B) . Of the nine original clones 
isolated, a total of six independent clones were 
identified. 

" "^'' Examination of the published report that describes 
the structure of the mouse SOD-1 gene (Bendetto, et al., 
supra) , revealed that the entire coding sequence of the 
Zse ;on-l gene is within a 7.2 Xb .coKI ^-^-y/ J/ 
« (Fig. 2B). Based on available restriction site data and 
preferred sizes for arms of homology (Deng et al.. Hoi. 
cell. Biol., 12: 3365-3371, 1992; Zhang et al.. Hoi. 
clll. Biol.: 14: 2402-2410, 1994), a 4.9 3cb Hlndlll-.coRl 
fragment was selected for the 5'-arm of 
30 3 3 icb ICpnI-ScoRV fragment was selected for the 3' arm 
27) A targeting vector was created by isolating 
^ fragments and placing them into a plasmid which 

!^ntained a neo' cassette (a neomycin phosphotransferase 
ge^e linxed to a phosphoglycerate Kinase promoter) as a 
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positive selection marker, a TK cassette (a Herpes 
simplex virus thymidine kinase gene linked to a 
phosphoglycerate kinase promoter) as a negative selection 
marker, and linker sequences, to produce the deletion 
5 vector pSOD-TV. The process is set forth in detail 
below. 

^y^nsHT-ucHion of Tntiermediate Plasmid PPNTlox^ 

Vector pSOD-TV was created from a derivative of 
pPNT (Tybulewicz et al.. Cell, 65: 1153-1163 (1991)); 

10 obtained from Dr. Richard Mulligan, MIT, Cambridge, MA) 
by first inserting two oligonucleotide linkers on each 
side of the neo' cassette creating the intermediate 
plasmid pPNTlox^ (Fig. 28). A doxible-stranded 79 base 
pair 5' linker having Sail, Hpal, and Nsil sites was 

15 created by annealing two single-stranded oligonucleotides 
that overlap at their 3' ends and then filling in the 
remaining single-stranded regions with the Klenow 
fragment of DMA polymerase I. The oligonucleotides PNT 
Not (5' GGAAAGAATG CGGCCGCTGT CGACGTTAAC ATGCATATAA 

20 CTTCGTAT; (SEQ ID NO: 9)) and PNT Xho (5' GCTCTCGAGA 

TAACTTCGTA TAGCATACAT TATACGAAGT TATATGC; (SEQ ID NO: 10)) 
(150 ng of each) were combined in a 30 fil reaction 
mixture containing 5 U of Klenow polymerase, Klenow 
polymerase buffer, and 2mM dNTPs (dATP, dCTP, dGTP, and 

25 dTTP) . After incubating for 1 hour at 37*C, a portion 
(5;il) of this reaction mixture was simultaneously 
digested with the restriction enzymes NotI and Xhol to 
liberate the restriction enzyme sites at each end of the 
linker. In addition, 200 ng of pPNT was digested with 

30 Notl and Xhol. The digested plasmid was resolved on a 
0.8% agarose gel, purified from the gel, and treated with 
calf intestinal phosphatase according to standard methods 
(Maniatis et al., 1982, supra). A quantity (66 ng) of 
the double digested linker was ligated to the double 

35 digested and phosphatase-treated pPNT DNA (Maniatis et 
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al 1982, supra). Following DMA transformation of 
competent WMllOO E. coll cells (Dower, Nucleic Acids Res. 
16:6127-6145 (1988)), plasmid DNA was isolated from 
ampicillin-resistant bacteria (Holmes et al.. Anal. 

5 Biochsm. 114:193-197 (1981)) and analyzed by restriction 
enzyme analysis. The proper recombinant plasmids were 
identified as having acquired 5all, Hpal, and Wsll sites 
while still retaining the NotI and Xhol sites of the 
starting plasmid. One such recombinant plasmid with a 79 

10 bp linker sequence was identified and designated pXN-4 
(Fig. 28) . 

A similar approach was used to insert a 40 bp 3' 
linker between the Xbal and BamHI sites of pXN-4. The 
oligonucleotides used to synthesize the linker were PNT 
15 Xba (5' CGTTCTAGAA TAACTTCGTA TAATGTATGC TAT; (SEQ ID 

NO:ll)) and PNT Bam (5' CGTGGATCCA TAACTTCGTA TAGCATACAT 
tat; (SEQ ID no: 12)). Plasmid pXN-4 and the double- 
stranded linker DNA were digested with Xbal and BamHI. 
The purified fragments were joined by DNA ligation and 
20 transformed into competent VMllOO E. coli bacteria. 
Plasmid DNA was digested with Xbal and BamHI, end- 
labelled with 32p-dCTP and Klenow polymerase, and resolved 
on an 8% acrylamide gel (Maniatis et al., 1982, supra). 
The gel was dried and exposed to X-ray film. Proper 
25 recombinant clones were identified by the presence of a 
40 bp band liberated by the Xbal-BamHI double digest. 
The resulting plasmid was called pPNTlox^ (Fig. 28). 
This construct includes the neo*^ flanked by the loxP 
sequences; see Sauer, supra. 
30 TO confirm the sequences of the inserted linkers, 

a fragment containing both linkers was isolated from 
pPNTlox*, using NotI and £coRI, and cloned into 
pBlueScripfSK+, a vector more amenable to nucleotide 
sequencing. Identity of the linkers was confirmed by 
35 direct nucleotide sequencing (Sanger, Proc. Natl. Acad. 
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Scl. USA 74:5463-5467 (1977)) using T3 and T7 sequencing 
primers (Stratagene* Inc., La Jolla, CA) . 
ynnfi^TnieHion of pSOD-TV Deletion V^ctpr 

The deletion vector pSOD-TV was assembled by 
5 inserting the selected 5' and 3' anas of homology 
appropriately into pPNTlox^. Initially, both arms of 
homology were subcloned from the phage inserts into 
pBlueScript* SK+. The map of XS0D18 (Fig. 25A) shows 
restriction enzymes sites for Kpnl (K) , EcdRl (E) , 

10 HiTidlll (H) , and Sail (S) . The T3 and T7 promoters at 
either end of the cloned inserts are indicated. The 3' 
arm of homology was isolated from A.S0D18 by digesting 10 
fig of bacteriophage DNA with the enzymes Kpnl and Sail, 
resolving the digested DNA on a 0,8% agarose gel, and 

15 pxirifying the excised 3.3 kb fragment with GeneClean* II 
(Bio 101 Inc., La Jolla, CA) • The same digest and gel 
isolation procedure were performed in parallel with 
pBlueScript*SK+ DNA except that the piirified band was 3.0 
kb. Approximately 400 ng of the purified lambda DNA and 

20 100 ng of the purified plasmid DNA were combined in a 10 
/il ligation reaction. Following transformation of 
competent WMllOO E. coli, plasmid DNA was isolated from 
ampicillin-resistant bacteria and analyzed by restriction 
enzyme analysis to identify the resultant plasmid pSK18-9 

25 (Fig. 29). 

To clone the 3' arm of homology into pPNTlox^ , 
the arm was liberated from pSK18-9 by enzymatic 
restriction with Kpnl and EcoRV and purified by gel 
isolation. The plasmid pPNTlox^ was digested with EcdRl 

30 and the resultant 4 base overhang was f illed-in using 
Klenow polymerase (Maniatis et al., 1982, supra). 
Following further digestion with Kpnl, the pPNTlox^ 
plasmid DNA was gel pxirified and ligated to the purified 
3' arm of homology. Following bacterial transformation, 

35 proper recombinants were identified by restriction enzyme 
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analyses. The resulting plasmid was designated 
pS0D3 ' homolTV ( Fig . 30). 

A similar approach was used to isolate, purify, 
and subclone the 5' arm of homology into pBlueScript* 
SK+. The map of XSOD69 (Fig. 25A) shows restriction 
enzyme sites for JCpnl (K) , ScoRI (E) , and Hlndlll (H) . 
The T3 and T7 promoters at either end of the cloned 
insert are indicated. The 5' arm was isolated from 
;iS0D69 by first digesting the bacteriophage DNA with 
Hlndlll, isolating an 11.8 Icb DNA fragment by gel 
electrophoresis, and then partially digesting this DNA 
fragment with limited amounts of EcoHl (VJ/ng) for 1 to 
minutes. The reaction was stopped with 20 mM EDTA. A 
4.9 )cb DNA fragment was purified after agarose gel 
electrophoresis and cloned into the Ecoia and Hlndlll 
sites of pBlueScript* SK+ to generate pSK EH69-2 (Fig. 
31). 

To construct plasmid pSOD-TV, the 5' arm of 
homology was removed from pSKEH69-2 by first digesting 
with KotI, filling-in the overhang with Klenow 
polymerase, and then digesting with Sail. In parallel, 
pSOD3'homolTV was first partially digested with Ifpal, 
then completely digested with Sail. The final deletion 
vector pSOD-TV was constructed by ligation of the two 
25 gel-purified fragments (Fig. 32) . 



15 



20 



30 



12 - p^i^.'Hon of sop-i Ceng In E? g^llg 
sella: The Rl line of ES cells derived from 129/Sv x 
129/Sv-CP Fl hybrid mice (pigmented) (Nagy, et al., Proc. 
Watl. Acad. Sci. USA 90:8424-8428 (1993)) was obtained 
from Dr. Janet Rossant, Dr. Andras Nagy, Reka Nagy, and 
Dr. Wanda Abramow-Newerly (Mt. Sinai Hospital, Toronto, 
Ontario, Canada) . The cells were grown in ES cell medium 
consisting of Dulbecco's Modification of Eagle's Medium 
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(Eagle's mediiun containing L"-glutamine and 4500 mg/L 
glucose; Nediatech Inc., Herndon, VA) supplemented with 
20% fetal bovine serum (FBS; Hyclone Laboratories Inc., 
Logan, Utah; cat. / A-1115; Lot / 11152154), 0.1 mM non- 
5 essential amino acids (Hediatech 25-025-Ll} , 2 mM L- 

glutamine (Mediatech 25-005-L1) , 10*^ M ^-mercaptoethanol 
(Gibco 21985-023), 1 mM sodium pyruvate (Mediatech 25** 
OOO-Ll) , Ix concentration of a penicillin (50 lU/ml) 
streptomycin (50 mcg/ml) solution (Mediatech 30-001-Ll) , 

10 and 1000 U/ml of leuXemia inhibitory factor (Gibco BRL 
13275-029) . The cells were grown on tissue culture 
plastic that had been briefly treated with a solution of 
0.1% gelatin (Sigma G9391) , i.e., gelatinized plates. 

The cultures were plated at 1 X 10^ cells per ml 

15 in 100 mm X 15 mm plastic culture plates and passaged 
every 48 hours, or when the cells became about 80% 
confluent. For passage, the cells were first washed with 
phosphate buffered saline without Ca^"^ and Mg^'*', 
hereinafter referred to as "PES'*, and then treated with a 

20 tzypsin/EDTA solution (.05% trypsin, .02% EDTA in PBS). 
After all of the cells were in suspension, the trypsin 
digestion was stopped by the addition of £S cell medium. 
The cells were collected by centrifugation, resuspended 
in 5 ml of £S cell medium, and a 1 ml aliquot of the cell 

25 suspension was used to start a new plate of the same 
size. 

DMA Gene-Taraetina of ES cells 

Vector pSOD-TV DNA (400 fig) was prepared for 
electroporatlon by digesting it with Not I in a 1 ml 
30 reaction volume. The DNA was then precipitated by the 
addition of ethanol, washed with 70% ethanol, and 
resuspended in 500 /xl of sterile water. 

The ^otl-linearized pSOD-TV DNA was electroporated 
into ES cells using a Bio-Rad Gene Pulser* System (Bio- 
35 Rad Laboratories, Hercules, CA) as follows. In each of 
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10 electroporation cuvettes, 40 ^9 of DNA was 
ixecirlporated into 5 x 10« cells suspended in O.s »I ES 
cell medium. The electroporation conditions were 250 v 
and 500 MF which typically result in time constants 
s ranging Ltween 5.7 - 6.2 seconds. After electroporation 
the cells were incubated for 20 minutes at room 
temperature in the electroporation cuvettes. All the 
electroporated cells were then pooled and distributed 
approxILtely equally onto 20 gelatinized plates (100 mm 
10 X 15 mm^ ^^^^^ ^^^^^^ ^^^^ aspirated and 

fresh ES cell medium was added. The following day, the 
medium in 19 plates was replaced with ES cell medium 
supplemented with 150 Mg/mL of G418 (Gibco) and 0.2 mM 
IS ganciclovir (Syntex, Palo Alto, CA) . ^ 

Plate was supplemented with 150 Mg/»L of G418 alone. 
X ter In additional 6 days, resultant individual ES cell 
colonies were picked off of the plates and separately 
expanded in Individual wells of 24 well plates as 
20 described by Wurst et al.. Gene Targeting Vol. 126 (A. 
r/oU. ed.), IKL press, Oxford University Press 
oxford, England, pp. 33-61 (1993). A comparison of the 
nLber of colonies that grew on the plates supplemented 
number oi „^,^i«„ir versus the number that grew on 

with G418 and ganciclovir versus , ^ . 

Ihe Plates supplemented G418 alone was used to determine 
" Z 'efficiency Of negative selection, which was 3.2 fold. 

When the cell culture in each well of the 24 well 
plates became approximately 801 confluent, the cells were 
\ A „4th PBS and then dispersed with two drops of 

^ .1 Of ES C.U m«liu.. «. «"«"°^ ° 
.u»P«..lon was tr.n.terr.d to «ch ot two wells of 
n;r.tl 24-w.U pX.t... *«.r th. cll. had ,rovn to 
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naar confluence, one of tihe plates was used for 
cryopreservatlon of the cell line while the other was 
used as a source of DNA for each of the cloned cell 
lines . 

5 For cryopreservatlon, the cells in a 24-vell plate 

were first chilled by placing the plate on ice. The 
sedium was then replaced with fresh £S cell nedixam 
suppleaented with 10% DMSO and 25% FBS. The plate was 
then cooled at approximately 0,5*C ninute by insulating 

0 the plate in a styrofoan box and placing it in a -70 «C 
freezer. 

To isolate the DNA from the cloned cell lines on 
the other 24-well plate, the medium in each well was 
replaced with 500 /xl of digestion buffer (100 mM Trie- 

5 HCl, PH8.5, 5 nM EDTA, 0.2% SDS, 200 mN NaCl, 100 /ig/ml 
proteinase X) and incubated overnight at 37 *C. After 
overnight incubation, 500 fil of isopropanol was added to 
each well and the plate was agitated for 15 minutes on an 
orbital shaker. The supernatant fluid was aspirated and 

0 replaced with 500 )xl of 70% ethanol and the plate was 
shaken for an additional 15 minutes. The DNA precipitate 
was picked out of the well and dissolved in 50 fil of T£ 
solution (10 DM Tris-HCl pH 7.5, 1 mM EDTA) . 

The primary analysis for deletion of the S0D*1 

5 gene involved a Southern hybridization screen of Apal 
digested £S cell DNA. The probe for this analysis was 
derived from the 5' end of the SOD gene outside of the 5' 
arm of homology (Fig. 33). An aliquot (10 fil) of each 
DNA sample was digested with Apal, resolved on a 0.8% 

0 agarose gel, and transferred to a GeneScreen Pluse 

membrane. The probe was prepared by first isolating the 
1.3 kb fcoRI-Jfiiidlll fragment from ASOD69 (Fig. 25A) . 
Subseqpient AIuI digest of this fragment yielded the 600 
base pair probe. The probe was labelled with -^^P-dCTP by 

5 random priming and hybridized overnight to the membrane 
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at 58*C (Church et al., Proc. U^tl . Acad. Sci. USA 
81-1991-1995 (1984)). An ES cell line in which the SOD- 
1 gene has been successfully deleted yields 9 kb and 10 
Jcb Apal fragments, in this assay (Fig. 33). The 

5 targeting event replaces all of the SOD-1 coding sequence 
and introns with the neo' positive selection marker. A 
normal SOD-1 gene carries an Apal site located 
approximately 1.0 kb downstream from the 5' border of the 
region to be deleted. The neo- marker which replaces the 

xo SOD-1 gene carries with it an Apal site near its 5' end. 
AS a result, this assay yields a 10 kb Apal fragment from 
the normal SOD-1 gene and a 9 kb Apal fragment from the 

deleted SOD-1 gene. 

All cell lines scored as putative homologous 
15 recombinants by the primary screen were then further 
screened using a 1.8 kb £coRI probe (isolated from an 
AS0D69, rcoRI digest) on Spel digested ES cell DNA. In 
this case, the normal SOD-1 gene yielded a 9 kb fragment 
and the mutant SOD-1 gene a 10 kb fragment (Fig. 33). 
20 From 80 cell lines (numbered 1-80) whose DNA was 

analyzed, five were identified as having undergone proper 
homologous recombination. Three of the five cell lines 
that were identified as having undergone proper 
homologous recombination by both screens were then thawed 
25 and their cell numbers expanded. Cells from the 
resulting cultures were used to make chimeric mice. 

1. - gs ri Mlntiin-^ ^^^^^ "^^^ 

SOD-1 g«ne.targeted ES cells were used to make 
chimeric mice by aggregating the ES cells to E2 5 embryos 
30 and transferring the aggregated embryos - P-udopreg-nt 
females. (Woodetal., Nature, 365:87-89 (1993)). ES 
cells were prepared for aggregation by limited 
trypsinization to produce clumps that averaged 10-15 
cells E2.5 embryos were collected from superovulated 
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CD-I female mice (albino) by oviduct flushing as 
described by Hogan et al., Manipulating the Mouse Embryo: 
A Laboratory Manual, Cold Spring Harbor Laboratory, Cold 
Spring Harbor, New York, 1986). The zona pellucida was 

5 removed from the embryos using acidic Tyrode's solution 
(Sigma Chemical Co., St. Louis, MO). Aggregation wells 
were created by pressing a blunt metal instrument i*e., a 
darning needle into tissue culture plastic. Embryos 
were then placed in a well together with a clump of 

10 approximately 10-15 ES cells in a small drop 

(approximately 20 fil) of M16 medium (Sigma Chemical Co., 
St. Louis, MO) under mineral oil. After an overnight 
incxibation ( 37^C, 100% humidity, 5% COj in air), 
approximately 20 of the aggregated embryos were 

15 transferred to the uterine horns of each pseudopregnant 
female (Hogan et al., supra). Contribution of the ES 
cells to the offspring was scored by the appearance of 
pigmented coat color. Pigmented mice were termed 
chimeric founders. Germline contribution by the ES cells 

20 was scored by the appearance of pigmented offspring from 
a cross between the chimeric founders and CD-I females. 

Three of the five gene-targeted ES cell lines were 
used in embryo aggregations. One (line 42) gave five 
germline chimeras, another (line 58) gave four germline 

25 chimeras, and the third (line 66) gave none (see Table 
2). 
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cell Line 
Vuaber 


Number of 
Embryo 
Aggregations 


Pups Born 


Kumber of 
Cblmerlo 
Pounders 


Qemline 
Chimeras 


42 


138 


31 


18 


5 


58 


130 


24 


14 


4 


66 


141 


33 


3 


0 



The gennline chimeras were then used to establish 
lines of SOD-l deficient nice and nice lacking SOD-1. 
The presence of the gene-targeted SOD-l allele in the 
10 pigmented offspring was determined using the Southern 
blot strategy described above with genomic DNA prepared 
from a tail sample (Hogan et al., svpra) . Heterozygous 
SOD-l null nice have 9 kb and 10 kb Apal fragments that 
hybridize with the 5' Alul SOD probe. Homozygous SOD-l 
15 null mice were established by crossing 2 heterozygous 

SOD-l null mice and were identified as having only a 9 kb 
Apal genomic DNA fragment that hybridized with the 5' 
Alul SOD probe. 

To confirm that the targeted disruption of the 
SOD-l locus results in a reduction of Cu/Zn SOD levels in 
the tissues of the resulting mammals, blood samples were 
collected from wild-type mice, and mice shown to be 

25 heterozygous and homozygous for the SOD-l gene. The 
blood samples were analyzed for Cu/Zn SOD protein by 
inmunoblot analysis. Red blood cell lysates were 
prepared by lysing the blood cells (approximately 75 ul) 
by several cycles of alternately freezing and thawing. 

30 The protein concentrations of the cell lysates were 

determined using the BCA method (Pierce, Rockville, IL) . 
An aliquot (2 to 2.5 /ig of protein) of each sample was 
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electrophoresed on a 4-20% polyacrylamide gel (Novex, San 
Diego, CA) using a Tris/glycine/SDS (25 nM Tris/ 192 nM 
glycine/ 0.1%SDS) buffer system. 

The separated proteins were transferred to 
5 nitrocellulose filters by electroelution and the 

resulting filters were blocked by incubation in blotto 
solution — 5% non-fat, dry milk in 25 mM Tris-buf f ered 
saline (ix TBS) — for 30 minutes. The filters were then 
submersed in a primary antibody solution (1:10,000 

10 dilution in blotto solution) and incubated for between 2 
and 18 hours. The primary antibody used was polyclonal 
rabbit antisera raised against purified mouse Cu/Zn SOD 
protein produced in E. coll (Hazelton Research Products, 
Denver, PA) . The filters were washed three times for 5 

15 minutes each in ix TBS and incubated in secondary 

antibody solution (1:2,000 dilution in blotto solution) 
for two hours. The secondary antibody was a goat anti- 
rabbit igG conjugated to alkaline phosphatase (Bio-Rad, 
Richmond, CA) . The filters were washed three times for 5 

20 minutes each in Ix TBS and stained for alkaline 

phosphatase activity by incubating them for between 5 and 
60 minutes in a commercially available alkaline 
phosphatase detection reagent (Bio-Rad, Richmond, CA) . 

Stained bands corresponding to Cu/Zn SOD protein 

25 ware guantitated using a DocuGel V image analysis system 
and RFLPscan software (Scanalytics, Billerica, MA) . The 
levels of Cu/Zn SOD protein are depicted in Fig. 34 
(solid bars) and are expressed relative to the level of 
Cu/Zn SOD protein in the samples from wild-type mammals. 

30 The results of these studies indicate that the 

heterozygous SOD-1 null (SODl'/SODl*) mice exhibit an 
expected near 50% reduction in Cu/Zn SOD protein. 
Further, the homozygous SOD-1 null (SODl"/SODl") mice 
showed no detectable Cu/Zn SOD protein on Western blots. 
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10 



15 



cu/zn SOD enzymatic activity in the red blood cell 
ivsates was laeasured using the KADPH oxidation method of 
Paoletti, et al. (Anal. Biochem. 154:536-541 (1986)). 
protein samples (1 mg) from the wild-type, heterozygous 
SOD-1 null mice, and homozygous SOD-l null mice were 
extracted with an equal volume of ethanol: chloroform 
(2-1) and the resulting supernatant fluid was dialyzed 
overnight against PBS saline at 4-C. The protein 
concentration of the dialysate was determined using the 
BCA method (Pierce, Rockville, XL) and 10 ug of each 
sample was assayed for SOD activity. Enzymatic activity 
was expressed relative to the wild-type control sample 
(Fig 34, cross-hatched bars). The Cu/Zn SOD activity of 
the sample from heterozygous SOD-i null mammals was 
approximately 50% of that displayed by samples from the 
wild-type mammals, consistent with the expectation that 
only one SOD-1 allele was active in the heterozygous 
„a»mals. Furthermore, the protein sample derived from 
the homozygous SOD-l null mice showed nearly a total 
reduction in Cu/Zn SOD activity. The small residual 
activity detected in this assay liXely represents 
background activity associated with the assay, but could 
Tl^ref isct an endogenous superoxide scavenging activity 
supplied by an alternate protein. 

Young adult heterozygous and homozygous SOD-1 null 
xaice are currently being maintained under viral and 
antigen free conditions as defined by Charles River 
^blratories, Wilmington, MX. Presently, the diet for 
0 these mice is the same as that provided to laboratory 
«ice. NO other unique or distinguishing living 
conditions have thus far been required for the 

Attempts at the breeding of homozygote male, with 
homozygote females have been unsuccessful thus far, which 
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ve believe is due to the deficiency of Cu/Zn SOD and the 
oxidative stress occasioned by pregnancy. The homozygote 
breeding pairs are capable of conceiving offspring, but 
the litters have been small in number (1-2) and the pups 
5 are either still-born, or those pups which are born alive 
die almost inuaediately. 

The colony can be propagated by the breeding of 
heterozygous SOD-1 null males and females, homozygous 
SOD-1 null males to either wild type or heterozygous SOD- 
1 null females, or wild type males to homozygous SOD-1 
null females. 

^ample 16 - Gene-Tara eted Non-Human Mammals 
efficient in SOD-1 Gene and Having Humanized 
J\fi Semience with Swedish FAD Mutation 

To generate animals that lack Cu/Zn SOD and 

express only human AB, a cross-breeding regimen was 

followed using the SOD-def icient and APP gene-targeted 

mice. This breeding strategy was complicated by the fact 

that both the SOD-1 and APP genes are found on chromosome 

16 in the mouse and are in relative close proximity to 

one another. Initially 

SOD"/ SOD" and APP^'^^^/APP^^ mice were crossed to produce 
offspring that contain a mutant SOD allele on one copy of 
chromosome 16 and a mutant APP allele on the other copy 
of chromosome 16 (trajjs-heterozygotes) . Male progeny 
from this cross were then mated with CD-I female mice in 
order to generate a population of animals in which a 
meiotic recombination event linking the SOD-1 and APP 
mutations on one copy of chromosome 16 could be 
identified ( cis -heter ozygotes ) . This identification was 
done on genomic DNA samples from portions of tail using a 
PGR method capable of distinguishing the mutant alleles 
from wildtype alleles for the SOD-1 and APP gene loci. 

To identify the SOD-1 mutant locus, forward and 
reverse oligonucleotide primers were designed to amplify 
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a 417 bp ••gm.nt of the PGK/neo gene that replaced the 
SOD-l coding .equencee in the SOD-def Icient mice. The 
forward primer, designated neo28f , had the following 
.eouence: 5' GGATTGCACG CACCTTCTCC 3' (SEQ ID NO:19). 

s Th^reverse primer, designated neo445r, had the following 
••quence: 5' CCGGCTTCCA TCCCAGTACG 3' (SEQ ID NO: 20). 
Thi. amplif iad product la found in PCR reactions with 
genomic DHX samples from SOD-l mutant mice that are 
missing on. copy of the SOD-l gene (SODl'/SODl*) , or both 

10 copies of the SOD-l gene (SODr/SODl") . It is absent, 

however, in PCR reactions with genomic DNA samples from 

,ice with two normal copies of the SOD-l gene 

(SODl*/SODl*) . 

TO distinguish mice that have lost one or both 

15 copies of the SOD-l gene, a second PCR method was 
•aployed using forward and reverse oligonucleotide 
primers designed to amplify a segment of the mouse SOD-l 
gene spanning exon 4. The forward primer, designated 
EH128f , had the following sequence: 5' ATCCACCTGA 

20 TGCTGTTTTA 3' (SEQ ID HO: 21). The reverse primer, 
designated EHl29r, had the following 

5' CCAATGATGG AATGCTCTCC 3' (SEQ ID NO:22). This 133 bp 
amplified product is found in PGR reactions with genomic 
DHA samples from mice with one or two normal copies of 
25 the SOD-l gene (SODlVsODl* and SODl'/SODl*) , but it is 
absent in PCR reactions with genomic DNA samples from 
Bice laOcing both SOD-l gene copies (SODl'/SODl-) . 

The PCR reactions were done with 2 to 5 ug of 
genomic DNA using 2.5 units of Taq polymerase (Fisher) in 
30 a PCR buffer supplied by the vendor containing 1.5 mM 
MgCl2. The PCR reaction consisted of 30 cycles of a 1 
minule denaturation step at 95-0, a 1 minute annealing 
step at 55-C and a 1 minute extension step at 72'C. 

TO identify the APP gene-targeted locus from the 
35 APP«^/APP«^ mice, forward and reverse oligonucleotide 
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primers were synthesized that span the loxP 8ec[uence 
foxind in intron 15 of the targeted APP locus that 
remained following excision of the PGK/nao gene by ere- 
mediated recombination. The forward primer, designated 
5 Humlf , had the following sequence: 5' CCT6GGTTGT 

AGGGACTGTA CTTG 3' (SEQ ID NO:23) . The reverse primer, 
designated Hum4r, had the following sequence: 
5' CACACCAAGA AGTACAATAG AGGG 3' (SEQ ID NO: 24). A 214 
bp amplified product is obtained with genomic DNA having 

10 a normal mouse APP allele while a 298 bp fragment is 

obtained in a PCR reaction with genomic DNA having an APP 
gene-targeted allele. The PCR reaction conditions were 
identical to those described above except the annealing 
temperature was 60 *c. 

15 By using these PCR strategies in conjunction with 

one another, all potential genotypes resulting from the 
breeding regimen described above with the S0D1"/S0D~ and 
j^pNUi^j^pNLh jiice can be identified and are summarized in 
Table 3. 

20 TABLE 3 



GENOTYPE 


nao2Bf 
neo445r 
PGKneo- 
speclf io 


PQR PRpDycTP 

EH128f 4- 
EH129r 

SODi-speeif ic 


Huaif + Hum4r 
APP (intron 
15)- 

specific 


Wiltypa 


absent 


133 bp 


2X4 bp 


els- 
He terosygo tea 


417 bp 


133 bp 


214 4- 298 bp 


Double 
Homosygotes^ 


417 bp 


absent 


298 bp 



^The double homosygote genotype is SODl*/SODl'; 



A screen of 138 progeny from the cross of male 
30 trans-heterozygotes with CD-I females identified 6 cls- 
heterozygotes: three males and three females. 
Therefore, a sibling breeding scheme was carried out to 
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produc. a colony of double hoiaozygof s lacking Cu/Zn SOD 
and oxpresaing only huaan AB. 

Double hoaozygotes lacking Cu/Zn SOD and 
eicpressing only huaan AB were viable. They have 
«uiifeeted noraal behavior and noraal external gross 
anatoay up to 3 aonths of age. During those 3 aonths. 
housing and dietary protocols for the double hoaozygotes 
have been conventional, with no special requireaents 
apparent. 

Other eabodiaents are within the following claias. 
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nOUSNCS LZ8TZNG 



(1) OKNXRAL INTOBMATXON: 

(1) APPLICAMTt Caphalon, Inc. 

(11) TXTU OF INVXHTZOilt GSNK-TARGSnD NON-HUMAN MAMMALS DSFZCXSMT IN 

80D-1 OBNB AND XXPRSS8ZNG HUMANIZED A^ SSQUENCB 
WITH SWEDISH PAD MOTATIONS 

(111) NUMBER OF SEQUENCES i 24 

<lv) OORRESPONDENCB ADDKSSSt 

(A) ADDRESSEE X Fish & Rlchardaon P.O. 

(B) STREETS 225 Franklin StrMt 

(C) CITYt Boston 

(D) STATES MA 

(E) COUNTRY s USA 

(F) ZIPS 02110-2604 

(▼) COMPUTER READABLE FORMs 

(A) MEDIUM TYPES Floppy disk 

(B) OCMfPUTERs IBM PC compatlbls 

(C) OPERATING SYSTEMS PC-DOS/MS*DOS 

(D) SOFTWARES Patent In Relaasa #1.0, Version #1.30 

(Vl) CURRENT APPLICATION DATAs 

(A) APPLICATION NUMBERS 

(B) FILING DATES 26-APR-*1996 

(C) CLASSIFICATIONS 

(vll) PRIOR APPLICATION DATAs 

(A) APPLICATION NUMBERS 

(B) FILING DATES 23-APR-1996 

(vll) PRIOR APPLICATICKI DATAs 

(A) APPLICATION NUMBERS 08/429,207 

(B) FILING DATES 26-APR-199S 

(vlll) ATTORNEY/AGENT INFORMATIONS 

(A) NAMES Craason, Gary L. 

(B) REGISTRATION NUMBERS 34,310 

(C) REFERENCE /DOCKET NUMBERS 02655/0S5WO1 

(Ix) TELECOMMUNICATION INFORMATIONS 

(A) TELEPHONES (617) 542-5070 

(B) TBLEFAXi (617) 542-8906 

(C) TBLBXt 200154 

(2) INFORMATION FOR 8EQ ID NOsls 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTHS 29 base pairs 

(B) TYPES nucleic acid 

(C) STRANDEDNESSs single 

(D) TOPOLOGY s linear 

(11) MOLECULE TYPES DNA 

(xl) SEQUENCE DESCRIPTIONS SEQ ID NOsls 



ATTGGATCCT TOAGOCTGTT GATGCCCGC 



29 
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(2) INFORMATION FOR SEQ ID NOi2l 

(i) SBQUXNCE CHARACTERISTICS: 

(A) LENGTH I 30 base pairs 

(B) TYPE I nuclaic acid 

(C) STRAHDBDNESS : aingle 

(D) TOPOLOGY: linaar 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTIONi SEQ ID N0i2i 

30 

ATTAAOCTTC TCCACCACAC CATGATCAAT 
(2) INFORMATION FOR SEQ ID NOt3i 

lii SEQUENCE CHARACTERISTICS: 

(A) LENGTH t 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS I singie 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

27 

ATTGGATCCG TTCTGGGCTG ACAAACA 
(2) INFORMATION FOR SEQ ID NO: 4 5 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NOt4i 

27 

ATTAAGCCTC AGTTTTTGAT GOCGGAC 
(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTHS 28 base pairs 

(B) TYPEi nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DMA 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:5 
ATTOOATCCT COAGCCTOTT OACGCCOG 
(2) INFORMATION FOR SEQ ID NOt6: 

Ii) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGYi linear 



X 

28 
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(ii) MOLECULE TYPE: DNA 

(xi) SEQOSNCS DBSCRIPTXONt SBQ ID HOs6i 
ATTAMCCTC TOGTOGAGTG GTGAOAO 27 
(2) ZNTORKATXOH FOR SSQ ID NOi7s 

(i) SEQUENCE CHARACTERISTICS t 

(A) LENGTHS 27 baae pairs 

(B) TYPBt nucleic acid 

(C) STRANDEDNESSs SingXa 

(D) TOPOLOGY: Xin*ar 

(ii) MOLECULE TYPE: DNA 

(xi) SEQX7ENCE DESCRIPTION: SEQ ID NOt7: 
ATTOGATCCC TGTTCTTTGC TGAAGAT 27 
(2) INFORMATION FOR SEQ ID NOi8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: singXs 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NOiSt 

ATTAAOCCTC TCCACCAOGC CATGATG 27 

(2) INFORMATION FOR SEQ ID NO: 9 1 

(i) SEQUENCE CHARACTERISTICS: 
<A) LENGTHS 48 bass pairs 

(B) TYPES nucX«ic acid 

(C) STRANDEDNESSs singXs 

(D) TOPOLOGYs linear 

(ii) MOLECULE TYPES DNA 

(xi) SEQUENCE DESCRIPTIONS SEQ ID NOs9s 
GGAAAGAAT6 CGGCCGCTGT OGACGTTAAC ATGCATATAA CTTOGTAT 48 
(2) INFORMATION FOR SEQ ID MOsXOi 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 47 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESSs single 

(D) TOPOLOGYs linear 

(ii) MOLECULE TYPES DNA 

(xi) SEQUENCE DESCRIPTIONS SEQ ID NOslOs 
CCTCTCOACA TAACTTCGTA TAGCATACAT TATACGAAGT TATATGC 47 
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(2) IHrOFMATIOH FOR SBQ ID HOilH 

(i) SEQUBNCK CHARACTERISTICS: 

^ (A) LENGTH t 33 base pairs 

IE) TYPE I nuclaic acid 

(C) STRANDEDNESSt aingla 

<D) TOPOLOaY: linear 

(ii) HOLECULE TYPE: DNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NOill: 
COTTCTAGAA TAACTTOCTA TAATGTATGC TAT 
(2) INFORMATION FOR SEQ ID NOtl2i 

(L) SEQUENCE CHARACTERISTICS: 
^ (A) LENGTH: 33 ba«e pairs 
IB) TYPE: nucleic acid 

(C) STRANDEDNESSt single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
CGTGGATCCA TAACTTCCTA TAGCATACAT TAT 
(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:13: 
AATTCTGCAT CTAGATTCAC TTCCGAGATC TCTTCC 
(2) INFORMATION FOR SEQ ID NO:14: 

IL\ SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 39 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(Xi) SEQUENCE DESCRIPTION: SBQ ID NO:14t 
TGCTCTAGAT GCAGAATTCA GACATGATTC AGGATTTGA 
(2) INFORMATION FOR SEQ ID NO: 15: 

/i> SEQUENCE CHARACTERISTICS: 
* ' (A) LENGTH: 58 base pairs 
(B) TYPE: nucleic acid 
(C STRANDEDNESS! single 
(D) TOPOLOGY: linear 



wo 96/34097 



PCT/US96/05824 



- 75 - 

(11) MOUCOLB TYPBi DRA 

(Xl) SBQOBNCS DESCRIPTION! SBQ ID NOilSt 
QAATCTAQAT GCAGAATTCA GACATOATTC AGGATATGAA GTCCACCATC AAAAACTG 58 
(2) IKFORMATION FOR SEQ ID NO: 16: 

(i) SEQOENCE CHARACTERISTICS: 

(A) LENGTH: 20 ba«« pairs 

(B) TYPE: nuclalc acid 

(C) STRANDBDNESS : aingl* 

(D) TOPOLOGY: linaar 

(ii) HOLECULB TYPE: DNA 

(xi) SEQaBNCE DESCRIPTION: SEQ ID N0:16t 
CAATCTCGGG GAGAGGCAGT 20 
(2) imrORKATION FOR SEQ ID NO:17t 

(i) SEQOBNCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nuclaic acid 

(C) STRANDBDNESS: aingla 

(D) TOPOLOGY: linaar 

(ii) MOLECULE TYPE: DNA 

(xi) SEQOENCE DESCRIPTION: SBQ ID N0a7t 
ACOGGAATTC CATATAAGGA TATATACA 28 
(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQOBNCE CHARACTERISTICS: 

(A) LENGTH: 28 base pair a 

(B) TYPE: nucleic acid 

(C) STRANDBDNESS: Single 

(D) TOPOLOGY: linear 

(11) MOLBCOLB TYPE: DNA 

(xl) SEQOBNCE DESCRIPTION: SEQ ID NO: 18: 
TAOCOAATTC AGOTTTGAAT GATCAAGT 28 
(2) INFORMATION FOR SBQ ID NO: 19: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNESS: single 

(D) TOPOLOGY: linear 

(11) MOLBCULE TYPE: DNA 

(xl) SEQOBNCE DESCRIPTION: SEQ ID NO: 19: 
GOATTOCACG CAOGTTCTCC 20 
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(2) IHFORMATIOM FOR SBQ ID HO»20i 

(i) SBQUKNCB CHARACTERISTICS I 

(A) LENGTH; 20 ba«e pairs 

(B) TYPE I nuclaic acid 

(C) STRAMDBDNESSx single 
<D) TOPOLOGY t linaar 

(ii) MOLECULE TYPE: DHA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID HOt205 

20 

COGGCTTCCA TCCGAGTACG 

(2) IHPORMATKHf FOR SEQ ID NOi21i 

Ii) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 baae pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 

20 

ATCCACCTGA TGCTGTTTTA 

(2) INFORMATION FOR SEQ ID NO: 22: 

<i) SEQUENCE CHARACTERISTICS t 

(A) LENGTH* 20 baae pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DHA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:22« 

20 

CCAATGATGG AATGCTCTCC 

(2) INFORMATION FOR SEQ ID HO: 23: 

Ii) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:23: 

24 

CCTGGGTTGT AGGGACTGTA CTTO 

(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS t single 

(D) TOPOLOGY: linear 



wo 96/34097 



PCT/US96/05824 



- 77 



(11) HOLKCDLB RPSt DNA 

(Xl) SBQUSNCE DESCRIPTION: SEQ ID NO:24: 
CACACCAAGA AGTACAATAG AGGG 24 
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What is claimed is: 

1. A mouse homozygous for a targeted amyloid 
precursor protein-encoding gene comprising: 

(1) a human peptide-encoding sequence in place of the 
native peptide-encoding sequence; and (2) at least one 
Swedish FAD mutation. 

2. The mouse of claim 1, wherein said human A^ 
peptide-encoding sequence encodes an arginine residue at 
A^ position 5 (APP770 position 676) , a tyrosine residue 
at A^ position 10 (APP770 position 681), and a histidine 
residue at A^ position 13 (APP770 position 684) . 

3. The mouse of claim 1, wherein said amyloid 
precursor protein-encoding gene encodes a leucine residue 
at APP770 position 671. 

5 4. The mouse of claim 1, wherein said amyloid 

precursor protein-encoding gene encodes an asparagine 
residue at APP770 position 670, and a leucine residue at 
APP770 position 671. 

5. The mouse of claim 1, wherein said human AP 
0 peptide is produced by endogenous mechanisms for 

processing amyloid precursor proteins. 

6. The mouse of claim 5, wherein no murine A0 
peptide is produced. 

7 The mouse of claim 5, wherein the rate of 
15 amyloid precursor protein synthesis in any given tissue 
is substantially the same as the rate of amyloid 
precursor protein synthesis in the corresponding tissue 
of a wild-type control mouse. 
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8. The mouse Of claim 5, wherein production of 
said human peptide in any given tissue is greater than 
the production of native peptide in the corresponding 
tissue of a wild-type control mouse. 

5 9. A mouse homozygous for a targeted amyloid 

precursor protein-encoding gene comprising: 
(1) a human Afi peptide-encoding sequence in place of the 
endogenous murine AB peptide-encoding sequence; and (2) a 
sequence encoding^ at the APP position corresponding to 
10 murine APP770 position 671, an amino acid selected from 
the group consisting of tyrosine, phenylalanine and 
tryptophan . 



10. A mouse heterozygous for a targeted 
amyloid precursor protein-encoding gene comprising: 
15 (1) a human AjJ peptide-encoding sequence in place of the 
endogenous murine A^ peptide-encoding sequence; and (2) 
at least one Swedish FAD mutation. 



11. The mouse of claim 10, wherein said human 
A^ peptide-*encoding sequence encodes an arginine residue 

20 at A^ position 5 {APP770 position 676), a tyrosine 

residue at kfi position 10 (APP770 position 681) , and an 
histidine residue at A^ position 13 (APP770 position 
684) . 

12. The mouse of claim 10, wherein said 

25 amyloid precursor protein-encoding gene encodes a leucine 
residue at APP770 position 671. 



13. The mouse of claim 10, wherein said 
amyloid precursor protein-encoding gene encodes an 
asparagine residue at APP770 position 670, and a leucine 
30 residue at APP770 position 671. 
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14. The mouse of claim 10, wherein said human 
peptide is produced by endogenous mechanisms for 
processing amyloid precursor proteins. 

15 The mouse of claim 14, wherein the amount 
5 of native murine peptide present in any given tissue 
is between 30% and 80% of the amount present in the 
corresponding tissue of a wild-type control mouse. 

16. The mouse of claim 14, wherein the amount 
of native mmrine peptide present in any given tissue 
10 is less than 10% of the amount present in the 

corresponding tissue of a wild-type control mouse. 

17 The mouse of claim 14, wherein the rate of 
amyloid precursor protein synthesis in any given tissue 
is substantially the same as the rate of amyloid 

15 precursor protein synthesis in the corresponding tissue 
of a wild-type control mouse. 

18 The mouse of claim 14, wherein production 
of said hu-a^ peptide in any given tissue is greater 
than the production of native murine peptide in the 

20 corresponding tissue of a wild-type control mouse. 

19 A mouse heterozygous for a targeted 
amyloid precursor protein-encoding gene comprising: 

(1) a human A^ peptide-encoding sequence in place of the 
endogenous murine A^ peptide-encoding sequence; and (2) 
25 sequence encoding, at the APP codon 

^Zne APP770 position 671, an amino acid se ected from 
the group consisting of tyrosine, phenylalanine and 
tryptophan . 
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20. A method for screening chemical compounds 
for the ability to inhibit in vivo processing of amyloid 
precursor protein to yield the human peptide, said 
method comprising the steps of: 
5 (a) administering said chemical compounds to a 

mouse homozygous for a targeted amyloid precursor 
protein-encoding gene comprising: (1) a human 
peptide-encoding sequence in place of the native murine 
A^ peptide-encoding sequence; and (2) at least one 

10 Swedish FAD mutation; and 

(b) measuring the relative amounts of 
amyloidogenic and nonamyloidogenic processing of amyloid 
prec\irsor protein In a sample from said mouse, at an 
appropriate interval after administration of said 

15 chemical compounds, wherein said sample is selected from 
the group consisting of brain tissue, non-brain tissue, 
and body fluids. 

21 » The mouse of claim 1, wherein said mouse 
lacks at least one normal SOD-l allele. 

20 22. The mouse of claim 2, wherein said mouse 

lacks both normal SOD-l alleles. 

23. The mouse of claim 6, wherein said mouse 
has a phenotype that includes a reduced amount of Cu/Zn 
SOD protein expression. 

25 24. The mouse of claim 23, wherein said mouse 

produces substantially no measurable amount of Cu/Zn SOD 
protein. 

25. The method of claim 20, wherein said mouse 
of lacks at least one normal SOD--! allele. 
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26. The method of claim 20, wherein said mouse 
produces substantially no measurable amount of Cu/Zn SOD 
protein • 
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Figure 3 
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Figure 7 
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Figure 8 
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pAPP3'homolAB Construction 

Figure 1 1 
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pAPP3*homolAB-NL Construction 
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Figure 14 
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p4Z3'homolNL-h Construction 



Figure 15 
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pPNT3'homol Construction 

Figure 17 
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pAPP-TV Construction 

Figure 18 
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FIGURE 20 
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FIGURE 21 
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FIGURE 22 

Humanized APP is Expressed in Targeted Mouse Brain 
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